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Thesis abstract  

Background 

Despite the growing burden of type 2 diabetes in sub-Saharan Africa (SSA), its 

aetiopathogenesis has not been robustly investigated. The overarching aim of this 

thesis was to describe the clinical, metabolic, and immunologic profile of adult 

Ugandan patients with new-onset diabetes to develop a pragmatic approach to the 

categorisation of diabetes subgroups.  

Methods 

Relevant clinical, metabolic, and immunologic data were collected from 568 adult 

participants with new-onset diabetes. All participants were subjected to an assessment 

of markers of pancreatic function,  glucose metabolism, and three islet autoantibodies. 

Randomly selected participants were screened for diabetic nephropathy and 

peripheral arterial disease. 

Results 

The narrative review showed that diabetes manifests differently in Africans compared 

to white populations of European descent.  

A low prevalence of islet autoantibody positivity (6.4%) was observed and was 

independently associated with living in a rural area and being initiated on insulin 

therapy at the time of diagnosis. 

Confirmed new-onset type 2 diabetes in lean individuals (negative status for islet 

autoantibodies and BMI <25 kg/m2) was noted in approximately a third of participants 

(32%). This “lean type 2 diabetes phenotype” was associated with minimal insulin 

resistance, visceral adiposity, metabolic syndrome, and features of pancreatic beta-

cell dysfunction predominated. 
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Peripheral arterial disease and diabetic nephropathy were relatively prevalent. Female 

sex, urine albumin creatinine ratio, and fasting blood glucose independently predicted 

peripheral arterial disease while hypertension comorbidity and obesity independently 

predicted diabetic nephropathy.  

Conclusions 

This research shows that pancreatic autoimmunity is an uncommon cause of adult-

onset diabetes in our study population. We also showed that the lean type 2 diabetes 

phenotype is relatively common and is associated with reduced pancreatic beta-cell 

function. The prevalence of peripheral arterial disease and diabetic nephropathy was 

also relatively high. These study findings have broad implications for the screening, 

management, and prevention of diabetes in Uganda. 
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CHAPTER ONE: THESIS DESIGN AND STRUCTURE, STUDENT’S 

CONTRIBUTION, AND PH.D. ASSOCIATED PUBLICATIONS  

This chapter describes the thesis design and structure, the student’s contribution, and 

the publications related to this Ph.D. work. 

1.0 Thesis design and structure 

1.1 Thesis design 

This thesis is part of the Uganda Diabetes Phenotype (UDIP) study which broadly 

aimed to understand the clinical, metabolic, and immunologic profile of adult patients 

with newly diagnosed diabetes in Uganda. I served as the principal investigator for this 

study and oversaw the entire processes of data collection, entry, cleaning, and 

analysis and drafting of all manuscripts for publication. 

This Ph.D. thesis is structured to discuss in detail the data derived from the UDIP study 

which was a cross-sectional study aimed to comprehensively describe the clinical, 

metabolic, and immunologic profile of adult Ugandan patients with newly diagnosed 

diabetes. In addition, the thesis included a narrative review that I performed to 

understand the manifestation of diabetes in adult African populations, highlighting 

mainly the distinct diabetes phenotypes, the plausible explanations for the 

documented differences in diabetes phenotypes between African and white 

populations of European ancestry, and the related clinical and policy implications of 

appropriately defining the African diabetes phenotype. 

1.2 Thesis structure 

This thesis is made up of nine chapters that have been written in a research style 

format. It includes five key independent research papers which are directly related to 

the Ph.D. project. Despite each research paper being independent, information in the 

methods section (study setting, population, inclusion and exclusion criteria, and 



 16 

research definitions) may be repeated across the different papers. The research 

papers are presented clearly to correspond with the order of the study objectives. All 

of these research papers have been written following the Strengthening the Reporting 

of Observational Studies in Epidemiology (STROBE) guidelines. 

Below is a clear elaboration of the contents of each chapter:  

Chapter 1: The thesis design and structure show the general outline of the Ph.D. 

thesis and explain what is expected in the different chapters. 

Chapter 2: The introduction chapter reviews the literature on the epidemiology of 

diabetes globally, in Africa, and Uganda, the burden of related cardiovascular risk 

factors like hypertension, overweight and obesity, alcohol consumption, and smoking 

in Uganda, and the key insights into the described African diabetes phenotypes, the 

plausible theories to explain the differences in diabetes phenotypes in white 

populations of European descent and African populations, and the local significance 

of the UDIP study. 

Chapter 3: Summarises the problem statement, study rationale, aim, objectives, 

hypothesis, and methods. 

Chapter 4: It includes the published narrative review that discussed the studies on the 

clinical and metabolic characteristics of diabetes in adult populations in sub-Saharan 

Africa, the plausible explanations for the differences in diabetes phenotypes described 

in white populations of European descent, and African populations, the two atypical 

diabetes subtypes described in African populations, and the related research gaps in 

the phenotyping studies performed in sub-Saharan Africa. 

Chapter 5: It addresses the first objective of the thesis which is aimed to understand 

the burden and characteristics associated with islet autoantibody positivity as a marker 

of islet autoimmunity in adult Ugandan patients with newly diagnosed diabetes. 
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Chapter 6: It addresses the second objective of the thesis which is aimed to undertake 

clinical and metabolic characterisation of adult Ugandan patients with confirmed new-

onset type 2 diabetes to understand the phenotypic differences between lean and non-

lean individuals. 

Chapter 7: It addresses the third objective of the thesis which is aimed to determine 

the burden and correlates of peripheral arterial disease in randomly selected adult 

Ugandan patients with newly diagnosed diabetes. 

Chapter 8: It also addresses part of the third objective of the thesis which is aimed to 

investigate the burden and correlates of diabetic kidney disease in randomly selected 

adult Ugandan patients with newly diagnosed diabetes. 

Chapter 9: The discussion is a summary of the key findings from the entire Ph.D. work 

and how these findings relate to existing medical literature, their implication for clinical 

practice in Uganda and sub-Saharan Africa, the study strengths and limitations, the 

suggestions for future research work, and the conclusions. 

The Appendices consist of the key study documents such as the initial ethical and 

regulatory approvals, informed consent forms, storage consent forms, and case report 

forms. 

1.3 Student’s contribution 

Since I joined the MRC/UVRI and LSHTM Uganda Research Unit as a part-time Ph.D. 

Fellow in August 2017, I played a pivotal role in the setting up and undertaking of the 

UDIP study.  

1.4 Ph.D. associated publications 

I. Narrative review:  

Kibirige D, Lumu W, Jones AG, Smeeth L, Hattersley AT, Nyirenda MJ. 

Understanding the manifestation of diabetes in sub-Saharan Africa to inform 

https://www.ncbi.nlm.nih.gov/pubmed/30783538
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therapeutic approaches and preventive strategies: a narrative review. Clin Diabetes 

Endocrinol. 2019; 14; 5:2.  

I participated in the drafting of the protocol paper, retrieval of the papers, review of full-

text articles for the manuscript, identification of the eligible papers for inclusion in the 

narrative review, retrieving the study information of interest, drafting of the first and 

final versions of the manuscript, submitting the manuscript, and responded to the 

reviewers’ comments. 

II. Paper on islet autoantibody positivity 

Kibirige D, Sekitoleko I, Balungi P, Kyosiimire-Lugemwa J, Lumu W, Jones AG, 

Hattersley AT, Smeeth L, Nyirenda JM. Islet autoantibody positivity in an adult 

population with recently diagnosed diabetes in Uganda. PLoS One 2022;17 (5): 

e0268783.  

III. Paper on lean type 2 diabetes phenotype 

Kibirige D, Sekitoleko I, Lumu W, Jones AG, Hattersley AT, Smeeth L, Nyirenda MJ. 

Understanding the pathogenesis of lean non-autoimmune diabetes in an African 

population with newly diagnosed diabetes. Diabetologia 2022; 65(4):675-683. 

IV. Paper on peripheral arterial disease 

Kibirige D, Sekitoleko I, Lumu W, Jones AG, Hattersley AT, Smeeth L, Nyirenda MJ. 

High frequency of severe peripheral arterial disease in adult Ugandan patients with 

recently diagnosed diabetes. To be submitted to the Journal of Foot and Ankle 

Research.  

V. Paper on diabetic nephropathy 

Kibirige D, Sekitoleko I, Kiggundu SD, Kalyesubula R, Lumu W, Jones AG, Hattersley 

AT, Smeeth L, Nyirenda MJ. Diabetic nephropathy in adult Ugandan patients with new-

onset diabetes. To be submitted to BMC Endocrine Disorders.  

https://www.ncbi.nlm.nih.gov/pubmed/30783538
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For research papers 2, 3, 4, and 5, I fully participated in the study design, data 

collection, management, analysis, and interpretation. I also drafted the first version of 

the manuscript, incorporated all comments from the supervisors and other co-authors, 

submitted the final manuscript, and coordinated all the correspondence with the 

reviewers. 

1.5 Courses attended 

September 2019: Introductory Course in Epidemiology and Medical Statistics (ICEM), 

London School of Hygiene and Tropical Medicine, UK. 

September 2017: Good Clinical Practice (GCP) training for healthcare practitioners, 

MRC/UVRI, and LSHTM Uganda Research Unit, Entebbe Uganda. 

1.6 Conferences and workshop presentations 

June 2022: 27th Uganda Diabetes Association annual scientific conference, Kampala 

Uganda (oral presentation). 

February 2020: 5th East African Diabetes Study Group Scientific Congress, Entebbe 

Uganda (poster presentation). 

December 2018: International Congress of Endocrinology/53rd Society of 

Endocrinology, Metabolism, and Diabetes of South Africa (SEMDSA) congress, Cape 

Town South Africa (poster presentation). 

February 2018: East Africa Diabetes Study Group conference, Kigali Rwanda (oral 

poster). 
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CHAPTER TWO: BACKGROUND 

2.0 Introduction 

This chapter presents an overview of the global, regional, and local burden of diabetes, 

a broad description of the African diabetes phenotype, and the local significance of the 

Uganda Diabetes Phenotype study. 

2.1 Burden of diabetes: a global, African, and Ugandan perspective 

Globally, the burden of diabetes continues to rapidly increase to epidemic proportions, 

disproportionately affecting low-and middle-income countries (LMIC). The recent 2021 

International Diabetes Federation (IDF) estimates show that about 537 million adults 

(one in ten adults), aged 20-79 years, are living with diabetes globally. This number is 

predicted to rise to 643 million adults by 2030 and 784 million adults by 2045. Over 

four in five adults with diabetes (81%) live in LMIC (1).   

In the African region, the estimated number of adults living with diabetes increased 

from 19 million in 2019 to 24 million (1 in 22 adults) in 2021. According to future 

estimates, the greatest increase in the number of adults living with diabetes globally 

is predicted to occur in Africa (a 129% increase to 55 million adults by 2045). About 

54% of adults with diabetes in Africa are undiagnosed, which is the highest among the 

seven IDF sub-regions (1). 

This documented increase in the burden of diabetes in Africa exerts a substantial 

economic burden on the weak healthcare structures that are poorly structured and 

inadequately financed to manage diabetes and other related non-communicable 

diseases (2). This also has far-reaching economic implications for people living with 

diabetes and their immediate and/or extended families. 

In Uganda, based on the findings from several community-based studies, the reported 

prevalence of diabetes ranges between 0.4 and 9% (3-8). This wide disparity in the 
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reported prevalence may be explained by the differences in study settings (rural vs 

urban areas), study sample sizes, and study definitions or diagnostic approaches for 

diabetes. The only representative general population-based study conducted in 2014 

among 3689 adults using the World Health Organisation (WHO) STEP-wise 

methodology reported a prevalence of diabetes and impaired fasting glucose of 1.4% 

(95% CI 0.9– 1.9%) and 2% (95% CI 1.5–2.5%), respectively. The burden of diabetes 

was higher in urban areas (2.7%) compared to rural areas (1%), demonstrating an 

urban-rural gradient. About 50% of the study participants were unaware of their 

diabetes status. In this study, increasing age, male gender, households with cement 

or tiled floor finishing as a proxy for high socioeconomic status, and abdominal obesity 

assessed using waist circumference measurement were associated with increased 

odds of developing diabetes (8). 

The above population-based study was part of the 2014 Uganda national non-

communicable diseases (NCD) risk factors STEPs survey which aimed to determine 

the local prevalence of hypertension, diabetes, dyslipidemia, and related 

cardiovascular risk factors like smoking, alcohol consumption, overweight, and 

obesity. In this study, the documented prevalence of hypertension (defined as blood 

pressure ≥140/90 mmHg or use of antihypertensive therapy), overweight (defined as 

body mass index or BMI of 25-29.9 kg/m2), obesity (defined as BMI ≥30 kg/m2), history 

of current smoking, and alcohol ingestion was 24.3%, 14.5%, 4.6%, 11%, and 28.9%, 

respectively (9). 

2.2 African diabetes phenotypes: the key insights 

Type 2 diabetes is a heterogenous polygenic metabolic condition characterised by 

multiple underlying pathophysiological defects whose aetiology, manifestation, and 

progression greatly vary across populations (10, 11). Due to the recognised 
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environmental factors and genetic diversity, the diabetes phenotype in some African 

populations may be distinct from c in high-income countries. Clinical studies performed 

in some adult African populations have shown that patients with type 2 diabetes are 

younger at diagnosis (which may suggest early disease onset or a generally younger 

population in the region) and have less adiposity (a lower mean BMI and waist: hip 

circumference ratio). Pathophysiologically, most African patients with type 2 diabetes 

exhibit more features of pancreatic beta-cell secretory dysfunction as opposed to 

insulin resistance. The pancreatic beta-cell secretory dysfunction may manifest either 

as greater blunting of the acute and delayed phases of insulin secretion in response 

to an oral or intravenous glucose load, lower mean fasting C-peptide concentrations, 

insulinogenic index, or disposition index, and isolated postprandial hyperglycaemia 

(12-17). The predominance of pancreatic beta-cell dysfunction may explain the 

frequent clinical observations of lower mean BMI and diabetic ketoacidosis (regardless 

of the type of diabetes) at the time of diagnosis, and the early onset of secondary oral 

hypoglycaemic agent failure during the course of the condition. 

To further highlight the distinctiveness in the manifestation of diabetes in SSA, specific 

atypical diabetes subtypes like fibro calculous pancreatic diabetes and Ketosis Prone 

Diabetes (KPD) have been described mainly in patients of African ancestry (18-21). In 

particular, patients with KPD present with acute severe hyperglycaemia, transient 

insulin deficiency, and ketoacidosis similar to what is well-described in patients with 

type 1 diabetes, but distinctively test negative for islet autoantibodies and also lack the 

HLA genetic association of type 1 diabetes. The acute severe hyperglycaemia at 

clinical presentation often abates with short-term insulin therapy, and most patients 

achieve spontaneous and prolonged normoglycaemic remissions or full recovery of 
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pancreatic secretory function, necessitating discontinuation of prescribed insulin or 

oral hypoglycaemic agents (22). 

These well-described differences in diabetes phenotypes in African and white 

populations of European descent may broadly be explained by effects of 

environmental factors like chronic communicable diseases notably HIV infection and 

tuberculosis (23-25), early-life (in-utero and/or during early childhood) chronic 

malnutrition and related stressors like congenital infections (as well elaborated in the 

developmental origins of health and disease or DOHaD theory) (26, 27), and genetic 

diversity (28-30). 

2.3 Local significance of the Uganda Diabetes Phenotype study  

There is a growing burden of diabetes in Uganda, largely driven by rapid urbanisation, 

changes in lifestyle, and an aging population. Despite this growing burden, there are 

still limited phenotyping studies investigating the clinical, metabolic, and 

immunological profile of adult patients with new-onset diabetes. 

The Uganda DIabetes Phenotype (UDIP) study is the first of its kind to robustly 

undertake clinical, metabolic, and immunologic characterisation of adult patients with 

newly diagnosed diabetes in Uganda. The study findings will offer additional insights 

into the heterogeneity of diabetes phenotypes and the underlying pathophysiology of 

diabetes in African populations. This will have significant implications for clinical 

practice and policy. The study also forms the groundwork for a future randomised 

controlled trial (RCT) to investigate the optimal first-line oral diabetes therapy for adult 

patients with new-onset type 2 diabetes in Uganda. The findings of this RCT can offer 

relevant local evidence that will guide appropriate individualised diabetes therapy and 

the formulation of local diabetes treatment guidelines in Uganda. The blood samples 
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obtained from these well-phenotyped patients will be archived for future biochemical, 

epigenetic, and genetic studies.  
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CHAPTER THREE: PROBLEM STATEMENT, STUDY RATIONALE, AIM, 

HYPOTHESIS, OBJECTIVES, AND METHODS 

3.1 Introduction  

This chapter presents the problem statement, study rationale, aim, hypothesis, 

objectives, and methods.  

3.2 Problem statement 

The burden of type 2 diabetes continues to increase exponentially. Optimal 

individualised management of type 2 diabetes should ideally be based on an in-depth 

understanding of the underlying pathophysiologic mechanisms and the prevalent 

diabetes phenotypes in a local population. 

There is limited data on the clinical, metabolic, and immunologic characterisation of 

adult patients with new-onset diabetes in SSA. This limits the formulation of locally 

relevant diabetes treatment guidelines that should be guided by clinical evidence from 

phenotyping studies of local populations with type 2 diabetes. The use of inappropriate 

diabetes treatment regimens ultimately translates to suboptimal glycaemic control and 

the onset and/or progression of diabetes complications.  

3.3 Study rationale  

The underlying pathophysiologic mechanisms of diabetes especially in adult patients 

with new-onset diabetes have not been robustly investigated in SSA. The few 

published clinical studies have notable flaws like small sample sizes, limited 

information on the clinical, metabolic, and immunologic characteristics, and most 

enrolled participants with long-standing diabetes which affects important clinical and 

metabolic phenotypic features like BMI, pancreatic beta-cell function, and islet 

autoantibody positivity (their pattern and frequency vary with increasing duration of 

diabetes).  
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The UDIP study aimed to provide robust information on the clinical, metabolic, and 

immunological characterisation of a cohort of adult patients with new-onset diabetes 

in Uganda to understand the underlying pathophysiological mechanisms of diabetes 

in this population and, therefore, stimulate robust interventional research in 

individualised diabetes therapy in our adult population.  

3.4 Study aim 

This study aimed to describe the clinical, metabolic, and immunologic profile of adult 

patients with newly diagnosed diabetes in Uganda to develop a pragmatic approach 

to the categorisation of diabetes subgroups based on simple clinical features.  

3.5 Study hypothesis 

Several local environmental factors like communicable diseases (notably HIV infection 

and tuberculosis), and early-life stressors like chronic malnutrition, and genetic 

diversity can increase the future risk of developing diabetes and also affect or 

modulate its expression. Because of this, we hypothesised that most of the adult 

patients with newly diagnosed diabetes in our population will possess unique 

phenotypic characteristics like low median age and BMI, the predominance of 

pancreatic beta-cell secretory dysfunction, and a low frequency of islet autoantibody 

positivity as a marker of islet autoimmunity. 

3.6 Study objectives 

Objective one: To determine the burden of islet autoantibody positivity as a marker 

of islet cell autoimmunity and associated clinical and metabolic characteristics in adult 

patients with newly diagnosed diabetes in Uganda.  

Objective two: To undertake a detailed clinical and metabolic characterisation of adult 

patients with confirmed new-onset type 2 diabetes (after exclusion of those with 

pancreatic autoimmunity) in Uganda to understand the clinical and metabolic features 
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of pancreatic beta-cell secretory capacity, insulin resistance, and metabolic syndrome, 

in distinct emerging phenotypes defined based on BMI. 

Objective three: To determine the burden and related correlates of peripheral arterial 

disease (PAD) and diabetic nephropathy in randomly selected adult patients with 

newly diagnosed diabetes in Uganda. 

3.7 Study methods 

3.7.1 Study design, settings, and duration 

The UDIP study was a multicentre cross-sectional study that was conducted in seven 

tertiary public and private not-for-profit mission, or church-founded hospitals located 

in Central and Southwestern Uganda, serving urban, peri-urban, and rural populations. 

We selected these two categories of hospitals because they offer healthcare to about 

85% of Ugandans. These hospitals run once-weekly outpatient adult and paediatric 

diabetes clinics. All attending patients are reviewed by clinical officers, medical 

officers, and Internists. The study was carried out from February 2019 to October 

2020. 

3.7.2 Study participants and recruitment method 

Eligible participants were adult patients aged ≥18 years with a recent diagnosis of 

diabetes which was defined as a diagnosis of diabetes, regardless of type, made within 

three preceding months. The diagnosis of diabetes would have been made by the 

attending clinicians based either on fasting blood glucose (FBG), random blood 

glucose (RBG), and glycated haemoglobin (HbA1c) measurement at various general 

outpatient clinics before referral to the specialist diabetes outpatient clinics for 

continued specialist management. Most clinicians in Uganda diagnose diabetes based 

on the WHO guidelines for diagnosis of diabetes, which recommend a FBG, RBG, and 

HbA1c concentration of ≥7 mmol/l (126 mg/dl), ≥11.1 mmol/l (200 mg/dl) with signs 
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and symptoms suggestive of hyperglycaemia, and ≥6.5% (48 mmol/mol), respectively, 

to confirm a diagnosis of diabetes (1). 

Critically ill adult patients necessitating urgent admission for medical treatment were 

not immediately recruited into the study at the time of presentation. They were invited 

to enroll in the study at least two weeks after discharge from the hospital (but still within 

three months following diagnosis) when they re-attended the outpatient diabetes 

clinics in a more stable clinical condition. Both treatment naïve and those initiated on 

glucose-lowering therapy were recruited in the study. 

About 85% of the study participants enrolled in the study were diagnosed based on a 

combination of at least two recommended tests, minimising the risk of misdiagnosis or 

overdiagnosis. The diagnosis of diabetes mellitus was made based on an abnormal 

random blood glucose, fasting blood glucose, glycated haemoglobin, urine glucose, 

and oral glucose tolerance test in 77.9%, 21.7%, 29.9%, 16.7%, and 0.5% of 

participants, respectively.  

Study participants were recruited consecutively at each study site until the desired 

sample size was attained. About 95% of participants invited to participate in the study 

consented to be recruited in the study. 

Figure 1 below summarises the participant flow and the objectives of the UDIP study. 

3.7.3 Eligibility criteria 

Inclusion criteria 

1. Adult men and women aged ≥ 18 years. 

2. Willing to provide written informed consent. 

3. Diagnosis of diabetes made within the preceding three months based on WHO 

guidelines of diagnosis of diabetes. 

Exclusion criteria 
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1. Pregnant women with newly diagnosed diabetes. 

3.7.5 Assessment of socio-demographic, clinical, and biophysical 

characteristics 

All study participants were assessed after an overnight fast of ≥8 hours. Using a pre-

tested case report form (CRF), the relevant socio-demographic (age at diagnosis, 

gender, residence, level of education, family history of diabetes, smoking, and alcohol 

intake status) and clinical characteristics (history of admission at diagnosis, presence 

of urine or serum ketones at admission, initiated diabetes and ancillary drugs, co-

existing medical comorbidities) were collected by the study nurses. Following 

standardised study procedures, biophysical measurements which included 

anthropometric measurements (weight, height, waist circumference [WC], hip 

circumference [HC] for calculation of BMI, waist: hip circumference ratio [WHR], and 

waist circumference: height ratio [WHtR]) and resting blood pressure (BP) using an 

automated OMRON® BP machine were performed. Body composition (total body fat 

and visceral fat levels) was evaluated using bioimpedance analysis (BIA) with an 

OMRON® BF511 body composition monitor (Omron Healthcare Co. Ltd, Tokyo 

Japan).  

The traditional WHO-defined BMI cut-offs of <25 and ≥25 kg/m2 were used to classify 

the participants as lean and non-lean, respectively (2). Participants with hypertension 

(newly diagnosed or pre-existing) were those with a systolic BP ≥140 mmHg and/or 

diastolic BP ≥90 mmHg on clinical examination or a self-reported history of pre-existing 

hypertension either on antihypertensive therapy or treatment naïve (3). 

3.7.6  Assessment of metabolic and immunological characteristics 

After performing the biophysical measurements, a fasting blood sample was drawn for 

measurement of FBG, HbA1c, insulin, C-peptide, lipid profile, uric acid, leptin, and the 
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three commonly measured pancreatic autoantibodies (glutamic acid decarboxylase 

autoantibodies [GADA], zinc transporter 8 autoantibodies [ZnT8-A] and autoantibody 

to the protein tyrosine phosphatase [IA-2A]). Following this, all participants were 

subjected to a 75-gram oral glucose tolerance test (OGTT) and blood samples were 

drawn again 30 and 120 minutes after glucose ingestion to determine the serum 

glucose, insulin, and C-peptide concentrations at those two-time points.  

Following phlebotomy, all serum and whole blood samples were initially stored at 3°C 

and room temperature, respectively, and then later transported to the Medical 

Research Council/Uganda Virus Research Institute and London School of Hygiene 

and Tropical Medicine (MRC/UVRI & LSHTM) Uganda Research Unit clinical 

chemistry laboratory where they were aliquoted and then stored at -80°C until 

laboratory analysis. All collected blood and urine samples were stored in the 

biorepository section for future analysis. 

3.7.7 Laboratory measurements and assessment of markers of pancreatic beta-

cell function, insulin resistance and sensitivity, and islet autoantibody positivity 

All the laboratory tests were performed at the ISO-certified MRC/UVRI & LSHTM 

Uganda Research Unit clinical chemistry laboratory within three days of sample 

collection using electro-chemiluminescence immunoassays manufactured by Roche 

diagnostics Limited, Germany on a Cobas 6000 C-model SN 14H3-15 machine 

(Hitachi High Technologies Corporation, Tokyo Japan). 

Fasting blood glucose was determined quantitatively from plasma using the 

hexokinase enzymatic principle, with a limit of detection of 0.24 -40 mmol/L while 

HbA1c level was determined quantitatively from whole blood by the turbidimetric 

inhibition immunoassay principle, with a limit of detection of 23 -196 mmol/mol (4.2-

20.1%). Insulin and C-peptide concentrations were determined quantitatively from 
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serum using the immunoassay sandwich principle, with the limit of detection for insulin 

and C-peptide of 0.2-1000 u/ml and 0.999-4433 pmol/L, respectively. Lipids were 

measured quantitatively from serum using the enzymatic colorimetric principle, with 

the limits of detection for triglycerides, total cholesterol, low-density lipoprotein 

cholesterol, and high-density lipoprotein cholesterol of 0.1-10 mmol/L, 0.1-20 mmol/L, 

0.1-14 mmol/L, and 0.08-3.88 mmol/L, respectively. 

Pancreatic autoantibody testing was undertaken using autoantibody ELISA kits from 

RSR Limited (Cardiff CF14 5DU, UK) on the Dynex DS2 ELISA Robot (Dynex 

Technologies, Worthing, UK). The lower detection limit of this islet cell autoantibody 

assay at +2 standard deviations was 1.3 u/mL with an intra-assay and inter-assay 

precision %CV of 4.4-7.9% and 3.3-5.8%, respectively, and sensitivity and specificity 

of 94% and 95.6%, respectively. The islet autoantibody testing process also involved 

a rigorous external laboratory validation exercise with paired samples measured in 

duplicate for all participants at the Clinical Chemistry and Immunology laboratories, 

Royal Devon and Exeter NHS Foundation Trust, Exeter United Kingdom. 

The online homeostatic model assessment-2 (HOMA2) calculator by the Diabetes 

Trial Unit of the University of Oxford, Oxford UK was used to calculate the insulin 

resistance (HOMA2-IR) and the pancreatic beta-cell function (HOMA2-%B) (4). 

Pancreatic beta-cell function was also assessed using oral insulinogenic index (IGI) 

that was calculated using the formula: IGI = difference between the serum insulin 

concentration at the 30-minute and 0-minute time point/difference between the 

glucose concentration at the 30-minute and 0-minute time point (5). The quantitative 

insulin sensitivity check index (QUICKI) was calculated from fasting serum glucose 

and insulin concentrations using the online QUICKI calculator (6). 
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Islet autoantibody positivity was confirmed present if GADA, IA-2A, and ZnT8-A levels 

were >34 U/ml, >58 U/ml, and >67.7 U/ml, respectively. These diagnostic thresholds 

were obtained after measuring archived serum samples of 600 randomly selected 

healthy Ugandan adults without diabetes (defined as an HbA1c <5.5% and a random 

blood glucose <5 mmol/l) that were enrolled in the MRC/UVRI & LSHTM Uganda 

Research Unit general population cohort. These diagnostic thresholds represented the 

97.5th percentile (to give a 97.5% specificity) (Balungi P et al. 2021, Unpublished). 

3.7.8 Baseline assessment of the diabetes complications at diagnosis 

Randomly selected participants underwent screening for diabetic nephropathy and 

PAD as the diabetic microvascular and macrovascular complication, respectively. 

These two were specifically selected as the diabetes complications of choice because 

of the relatively easy access to the recommended screening methods in our study 

settings (a point-of-care urine albumin creatinine ratio machine for diabetic 

nephropathy and a portable automated ankle brachial index measuring device). 

Treatment modalities for both PAD (oral antiplatelet, anticoagulants, and statins) and 

diabetic nephropathy (angiotensin converting enzyme inhibitors, angiotensin II 

receptor blockers, and sodium-glucose cotransporters II inhibitors) are also readily 

available in clinical care. Lack of access to portable non-mydriatic digital fundus 

cameras and existing logistical challenges during the period of the COVID-19 

pandemic greatly hindered us from screening participants for diabetic retinopathy. 

For the screening of diabetic nephropathy, all participants recruited in the study were 

considered. Regarding the screening for PAD, we selected every 2nd participant 

recruited in the study at three randomly selected study sites (one public and two private 

not-for-profit tertiary hospitals). 
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Following clear instructions from the study nurses, the participants collected a spot 

mid-stream urine sample in a sterile urine container for the measurement of a spot 

urine albumin creatinine ratio (UACR) using Siemens Healthcare Clinitek® 

microalbumin strips and a point-of-care Clinitek® status analyser. A serum creatinine 

concentration was also determined from the collected fasting blood samples for 

estimation of the glomerular filtration rate (e-GFR) using the Chronic Kidney Disease 

Epidemiology (CKD-EPI) formula (7). 

The e-GFR and UACR were classified according to the Kidney Disease: Improving 

Global Outcomes (KDIGO) 2020 Clinical Practice Guideline for Diabetes Management 

in Chronic Kidney Disease. The e-GFR was categorized as follows: G1: 

≥90mL/min/1.73m2 (normal kidney function), G2: 60–89mL/min/1.73 m2 (mildly 

decreased), G3a: 45–59mL/min/1.73 m2 (mildly to moderately decreased), G3b: 30–

44mL/min/1.73 m2 (moderately to severely decreased), G4: 15–29mL/min/1.73 m2 

(severely decreased), and G5: <15mL/min/1.73m2 (kidney failure). Albuminuria based 

on the measured spot UACR was classified as follows: A1: <3mg/mmol (normal to 

mildly increased), A2: 3–30mg/mmol (moderately increased), and A3: >30mg/mmol 

(severely increased). Diabetic nephropathy was defined as the presence of a spot 

UACR ≥3 mg/mmol (A2 and A3), reduced e-GFR of <60 ml/min/1.73 m2 (G3a-G5), or 

both (8).  

After a minimum of 10 minutes of resting in a supine position, ankle brachial index 

(ABI) measurement to assess for the presence of PAD was performed in randomly 

selected participants using an automated MESI® ABI measuring device (MESI® APBI 

MD). Differently coloured and well-labelled cuffs in appropriate adult sizes were 

separately placed on each participant’s left upper arm and slightly above the left and 

right ankle joints and the instructions for ABI measurement were closely followed by 
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the study nurse performing the procedure. The presence of PAD was defined as the 

presence of an ABI of ≤0.9 in any of the lower limbs while severe PAD was defined as 

an ABI ≤0.5 in either lower limb. Participants with an ABI of 0.91-0.99, 1.00-1.40, and 

>1.40 were considered to have borderline ABI, normal ABI, and noncompressible 

arteries, respectively (9). 

3.7.9 Data entry, management, and quality assurance 

To ensure good data integrity, the study standard operating procedures were closely 

followed by the study team. The study was conducted in accordance with the principles 

of Good Clinical Research Practice. The participant data were collected from the 

different study sites using CRF. These were checked daily by a trained data manager 

who also oversaw the quality assurance component of the study for completeness. All 

complete CRF were then sent to trained data clerks for data entry using the Redcap 

software. This data was double-entered and verified by the data entrant to identify and 

rectify any errors.  

3.7.10 Statistical analysis plan 

A data analysis plan for each of the study objectives was developed before the actual 

analysis. It clearly outlined the specific study outcomes, definitions, analysis strategy, 

and statistical analytical tests to be used. For the entire data cleaning and analysis 

process, I worked closely with a medical statistician. All statistical analyses were done 

using STATA statistical software version 15 College Station, TX: StataCorp LLC. 

a. Statistical analysis plan for the thesis objective one: To determine the burden 

of islet autoantibody positivity as a marker of islet cell autoimmunity and associated 

clinical and metabolic characteristics in adult patients with newly diagnosed diabetes 

in Uganda. 
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-Study main outcome: Prevalence of islet autoantibody positivity (defined based on 

diagnostic thresholds derived from a cohort of adult Ugandan individuals without 

diabetes reflecting 97.5% specificity) based on the three measured islet 

autoantibodies, i.e. GADA, IA-2A, and ZnT8-A. 

-Study definition: Islet autoantibody positivity was confirmed present if GADA, IA-2A, 

and ZnT8-A levels were >34 U/ml, >58 U/ml, and >67.7 U/ml, respectively. 

-Analysis strategy: GADA, IA-2A, and ZnT8-A were measured in all the recruited 

participants. Based on the diagnostic thresholds, the participants were then classified 

into islet autoantibody-positive and negative subgroups. 

-Statistics analysis tests: 

The categorical and continuous variables were expressed as proportions and medians 

with inter-quartile range (IQR), respectively. Islet autoantibody positivity (combined 

and individual autoantibodies) was expressed as a frequency. The differences in the 

socio-demographic, clinical, and metabolic characteristics of participants with and 

without islet autoantibody positivity were analysed using the x2 test for categorical data 

and the Kruskal Wallis test for continuous data. 

b. Statistical analysis plan for the thesis objective two: To undertake a detailed 

clinical and metabolic characterisation of adult patients with confirmed new-onset 

diabetes in Uganda to compare the phenotypic features between lean and non-lean 

individuals. 

-Study main outcome: Comparison of the sociodemographic, clinical, and metabolic 

characteristics of lean and non-lean participants with confirmed new-onset type 2 

diabetes. 
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-Study definitions: Lean and non-lean participants were defined as those with BMI 

of <25 and ≥25 kg/m2, respectively. Participants with confirmed new-onset type 2 

diabetes were those who tested negative for islet autoantibodies on assessment. 

-Analysis strategy: A phenotype-focused classification approach based on islet 

autoantibody status was used first to identify the participants’ positive and negative for 

the three measured islet autoantibodies (GADA, IA-2A, and ZnT8-A). Diagnostic 

thresholds to define islet autoantibody positivity were derived from a cohort of 600 

healthy adult individuals without diabetes. These thresholds represented the 97.5th 

percentile (to give a 97.5% specificity), giving GADA, IA2A, and  ZnT8-A positivity cut-

offs of >38 U/ml, >58 U/ml, and >67.7 U/ml, respectively. 

Participants that were positive for islet autoantibodies and those with missing islet 

autoantibody data were first excluded and the remaining participants with confirmed 

type 2 diabetes were then classified as lean and non-lean based on traditional WHO-

defined BMI cut-offs of <25 and ≥25 kg/m2, respectively. 

-Statistical analysis tests:  

The categorical and continuous variables were expressed as proportions and medians 

with inter-quartile range (IQR), respectively. The differences in the socio-demographic, 

clinical, and metabolic characteristics between the lean and non-lean participants were 

analysed using the x2 test for categorical data and the Kruskal Wallis test for 

continuous data because most of the data was not normally distributed. Because 

several variables were compared between the lean and non-lean participants, the 

Bonferroni correction (defined as adjusted p-value =set significance α / number of 

variables tested) was used to adjust the p-value for multiple comparisons (10). 
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Statistical analysis plan for the thesis objective three: To determine the burden 

and related correlates of the screened diabetic complications (notably diabetic 

nephropathy and PAD). 

Sub-study 1: Burden and correlates of PAD 

-Study main outcome: Burden and correlates of PAD in randomly selected adult 

Ugandan patients with newly diagnosed diabetes. 

-Study definitions: PAD was defined as an ABI ≤0.9 in either lower limb (9). 

-Analysis strategy: The ABI was measured in a randomly selected number of 

participants. Based on the predefined ABI cut-offs, the participants were classified as 

having confirmed PAD, borderline ABI, normal ABI, and incompressible arteries. The 

proportions of each subgroup were determined. 

-Statistical analysis tests 

Proportions and medians with inter-quartile range (IQR) were used to describe the 

categorical and continuous variables, respectively. The differences in the socio-

demographic, clinical, and metabolic characteristics between participants with and 

without PAD were analysed using the x2 test for categorical data and the Kruskal Wallis 

test for continuous data. Multivariate logistic regression was performed to identify the 

independent correlates of PAD in this study population. A p-value <0.05 with a 95% 

confidence interval (95% CI) without 1 was considered statistically significant. 

Sub study 2: Burden and correlates of diabetic nephropathy 

-Study main outcome: Burden and correlates of diabetic nephropathy in randomly 

selected adult Ugandan patients with newly diagnosed diabetes. 

-Study definitions: Diabetic nephropathy was defined as the presence of a spot 

UACR ≥3 mg/mmol, reduced e-GFR of <60 ml/min/1.73 m2, or both (8). 
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-Analysis strategy: Based on the UACR and e-GFR cut-offs, the participants with 

and without diabetic nephropathy were identified and proportions of each subgroup 

were determined.  

-Statistical analysis tests: Proportions and medians with inter-quartile range (IQR) 

were used for categorical and continuous variables, respectively. The differences in 

the socio-demographic, clinical, and metabolic characteristics between participants 

with and without diabetic nephropathy were analysed using the x2 test for categorical 

data and the Kruskal Wallis test for continuous data. Odds ratios (OR) and their 

corresponding 95% confidence intervals (CI) were estimated using logistic regression 

to identify the independent predictors of diabetic nephropathy. 

3.7.11 Ethical approval 

This study was approved by the Research Ethics Committee of Uganda Virus 

Research Centre, Entebbe Uganda on 25th May 2018 (GC/127/18/05/650) and the 

Uganda National Council of Science and Technology on 29th October 2018 (HS 2431). 

Administrative approval was also obtained from all participating study sites. All 

enrolled study participants provided written informed consent to participate in the 

study. The ethical approvals are attached in the appendix. 
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Figure 1: Summary of the participant flow and objectives of the Uganda Diabetes 

Phenotype (UDIP) study  
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CHAPTER FOUR: NARRATIVE REVIEW ON UNDERSTANDING THE 

MANIFESTATION OF DIABETES IN SUB-SAHARAN AFRICA 

This chapter presents the findings of the narrative review that I wrote summarising the 

published literature on the manifestation of diabetes in adult African populations. 

4.1 Ph.D. research paper 1: Narrative review on understanding the manifestation 

of diabetes in sub-Saharan Africa 

4.2 Summary of key findings 

Kibirige D, Lumu W, Jones AG, et al. Understanding the manifestation of diabetes in 

sub–Saharan Africa to inform therapeutic approaches and preventive strategies: a 

narrative review. Clinical Diabetes and Endocrinology (2019) 5:2.  

In this narrative review, following a literature search performed in January 2018, I 

reviewed the literature from the few published studies in SSA on the clinical and 

metabolic characterisation of type 2 diabetes, including the atypical diabetes subtypes, 

and also highlighted the plausible explanations for the distinct African diabetes 

phenotypes. On review of the published literature, the lack of studies undertaking 

robust clinical, metabolic, and immunological characterisation of adult African patients 

with newly diagnosed diabetes was an evident research gap. 

The link to the publication:  

https://clindiabetesendo.biomedcentral.com/track/pdf/10.1186/s40842-019-0077-

8.pdf 
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CHAPTER FIVE: ISLET POSITIVITY IN ADULT UGANDAN PATIENTS WITH NEW-

ONSET DIABETES 

This chapter presents the findings of the first objective of the Ph.D. aimed to determine 

the frequency of islet autoantibody positivity and its associated clinical and metabolic 

characteristics in our adult cohort with new-onset diabetes. 

5.1 Ph.D. research paper 2: Burden and associated characteristics of islet 

autoantibody positivity in adult Ugandans with new-onset diabetes 

5.2 Summary of key findings 

Kibirige D, Sekitoleko I, Balungi AP, et al. Islet autoantibody positivity in an adult 

population with newly diagnosed diabetes in Uganda. PLoS One 2022;17 (5): 

e0268783.  

In this study, we measured three common islet autoantibodies (GADA, IA-2A, and 

ZnT8-A) in 534 adult patients with new-onset diabetes to identify the participants with 

islet autoantibody positivity as a marker of islet autoimmunity and its associated 

characteristics. We documented a low frequency of islet autoantibody positivity in this 

study population (6.4%), signifying that pancreatic autoimmunity is an uncommon 

cause of adult-onset diabetes in Uganda. Living in a rural area and initiation on insulin 

therapy at the time of diagnosis of diabetes were independent predictors of islet 

autoantibody positivity. 

The link to the publication:  

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0268783 
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Figure 2: Pattern of islet autoantibody positivity in participants positive for islet 

autoantibodies 

 

GADA-Autoantibody against glutamic acid decarboxylase-65, IA-2A- Antibody against 

tyrosine phosphatase, ZnT8-A: autoantibody against zinc transporter 8. 
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CHAPTER SIX: CHARACTERISATION OF LEAN TYPE 2 DIABETES PHENOTYPE 

This chapter presents the findings of the second objective of the Ph.D. aimed to 

understand the clinical and metabolic characterisation of confirmed lean type 2 

diabetes phenotype in our adult cohort with new-onset diabetes. 

6.1 Ph.D. research paper 3: Clinical and metabolic characterisation of the lean 

type 2 diabetes phenotype in adult Ugandans with new-onset diabetes 

6.2 Summary of key findings 

Kibirige D, Sekitoleko I, Lumu W, Jones AG, Hattersley AT, Smeeth L, Nyirenda MJ. 

Understanding the pathogenesis of lean non-autoimmune diabetes in an African 

population with newly diagnosed diabetes. Diabetologia 2022; 65(4):675-683. 

In this study, we performed a comprehensive clinical, metabolic, and immunological 

characterisation of 500 adult Ugandan patients with confirmed new-onset type 2 

diabetes to understand the phenotypic differences between lean and non-lean 

individuals. We reported that, in this study population, approximately one in three 

adults with confirmed new-onset type 2 diabetes were lean in body size (BMI < 25 

kg/m2). Pathophysiologically, the lean type 2 diabetes phenotype was characterised 

by the predominance of pancreatic beta-cell dysfunction in addition to less metabolic 

syndrome, insulin resistance, and visceral adiposity. 

The link to the publication:  

https://link.springer.com/content/pdf/10.1007/s00125-021-05644-8.pdf 
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CHAPTER SEVEN: PERIPHERAL ARTERIAL DISEASE IN ADULT UGANDANS 

WITH NEW-ONSET DIABETES: BURDEN AND CORRELATES 

This chapter presents the findings of a sub-study that investigated the burden and 

predictors of peripheral arterial disease in a randomly selected adult population with 

new-onset diabetes, as part of the third objective of the Ph.D. aimed to determine the 

prevalence and correlates of two specific diabetes complications (peripheral arterial 

disease and diabetic nephropathy) in this cohort. 

7.1 Ph.D. research paper 4: Burden and correlates of peripheral arterial disease 

in adult Ugandan patients with recently diagnosed diabetes 

7.2 Summary of key findings 

In this study, peripheral arterial disease (PAD) was assessed by measuring the ankle 

brachial index in 255 randomly selected adult patients with newly diagnosed diabetes 

receiving diabetes care at three tertiary hospitals. PAD was noted to be present in 

17.3% of the participants, with the majority having a severe form of the condition 

(93.2%). Despite the high frequency of severe PAD, none of the participants had 

intermittent claudication or gangrene on clinical examination. Female gender, urine 

albumin creatinine ratio, and fasting blood glucose were noted to independently predict 

PAD in this study population. No association was observed between PAD and the 

conventional cardiovascular risk factors like age, smoking, hypertension, and 

dyslipidaemia. 
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ABSTRACT 

Background 

Peripheral arterial disease (PAD) is a major cause of cardiovascular morbidity and 

mortality in patients with diabetes globally. However, the true burden and predictors of 

PAD, particularly at the time of diagnosis of diabetes, in sub-Saharan Africa are largely 

unknown. This study aimed to determine the prevalence and clinical correlates of PAD 

in a randomly selected adult Ugandan population with new-onset diabetes.  

Methods 

Two hundred fifty five adult patients with a recent diagnosis of diabetes (<3 months) 

were recruited from three tertiary hospitals in Uganda. Relevant socio-demographic, 

clinical, anthropometric, and metabolic data were collected. PAD was assessed by 

measurement of resting ankle brachial index (ABI) in the lower limbs and was defined 

as an ABI ≤0.9 in either lower limb. Multivariate logistic regression was performed to 

identify the independent predictors of PAD.  

Results 

The median (IQR) age, ABI, and glycated haemoglobin of the study participants were 

50 (39-59) years, 1.14 (1.04-1.21), and 10.6 (7.3-12.5) % or 92 (57-113) mmol/mol, 

respectively. PAD was observed in 44 (17.3%) participants. Nearly all of them (41, 

93.2%) had severe PAD (defined as ABI ≤0.5). Predictors of PAD were female gender 

(odds ratio or OR 3.35 95% CI 1.49-7.52, p=0.003), urine albumin creatinine ratio or 

UACR (OR 1.09 95% CI 1.03-1.16, p=0.006), and fasting blood glucose or FBG (OR 

1.11 95% CI 1.05-1.19, p=0.001). No association was noted with other conventional 

cardiovascular risk factors like increasing age, obesity, smoking, dyslipidaemia, and 

hypertension. 

Conclusions 
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PAD was noted to occur in about 1 in every 6 adult patients with recently diagnosed 

diabetes, with the majority having severe PAD. Female gender, UACR, and FBG were 

identified as the independent predictors of PAD in this study population.  

Keywords: Peripheral arterial disease, adult-onset diabetes, new-onset diabetes, 

Uganda, sub-Saharan Africa. 

 

INTRODUCTION 

Peripheral arterial disease (PAD) is a coronary artery disease equivalent and one of 

the common cardiovascular causes of morbidity and mortality in patients with diabetes 

globally [1, 2]. Despite the documented increasing prevalence of PAD in sub-Saharan 

Africa (SSA), the condition remains largely underdiagnosed in most clinical settings. 

Routine screening for PAD in patients with diabetes at the time of diagnosis or in 

routine clinical care remains suboptimal [3]. Measurement of resting ankle brachial 

index (ABI) is the first noninvasive approach recommended for the assessment of PAD 

in clinical care [4, 5].  

Most studies that have investigated the burden and correlates of PAD in SSA have 

been performed in adult patients with long-standing type 2 diabetes [6-15]. Few 

studies have investigated its burden in adult patients with new-onset diabetes. Studies 

evaluating the burden of diabetes complications in patients with newly diagnosed 

diabetes in SSA are important because the diagnosis of diabetes is often delayed, and 

a significant proportion of patients may present with debilitating complications at 

diagnosis. 

This study aimed to determine the burden and clinical correlates of PAD in an adult 

population with newly diagnosed diabetes receiving outpatient diabetes care from 

three tertiary public and private hospitals in Uganda.  
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METHODS 

Study design, sites, and participants 

This cross-sectional study was conducted in outpatient diabetes clinics of three tertiary 

private and public hospitals located in Central and Southwestern Uganda from 

February 2019 to October 2020. Participants aged ≥18 years with a recent diagnosis 

of diabetes (<3 months) and who had provided written informed consent were 

consecutively recruited into the study. Pregnant women were excluded from the study. 

A total of 255 patients were recruited for this study.  

Socio-demographic, clinical, anthropometric, and metabolic characterisation 

Participants were assessed following an overnight fast of ≥8 hours. Using a pre-tested 

study questionnaire, relevant socio-demographic and clinical data were collected from 

each study participant by the study research team. This included age at diagnosis, 

gender, residence, smoking and alcohol consumption habits, co-existing medical 

conditions (hypertension and HIV notably), and diabetes and ancillary therapies 

initiated at diagnosis. 

Following standardised study procedures, all study participants were then subjected 

to biophysical measurements which included resting blood pressure (BP) and 

anthropometric measurements (weight, height, waist circumference [WC], hip 

circumference [HC], waist: hip circumference ratio [WHR] and waist circumference: 

height ratio [WHtR]).  

A fasting venous blood sample was then collected for the measurement of blood 

glucose (FBG), glycated haemoglobin (HbA1c), lipid profile, uric acid, and serum 

creatinine (for estimation of the estimated glomerular filtration rate or e-GFR). All of 

these tests were performed using electro-chemiluminescence immunoassays 

manufactured by Roche diagnostics Limited, Germany on a Cobas 6000 C-model SN 
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14H3-15 machine (Hitachi High Technologies Corporation, Tokyo Japan). A spot mid-

stream urine sample was also obtained for the assessment of urine albumin creatinine 

ratio (UACR) using the Siemens Healthcare Clinitek® microalbumin reagent test strips 

and a point-of-care Clinitek® status analyser. All the tests were performed at the ISO-

certified clinical chemistry laboratory at the Medical Research Council/Uganda Virus 

Research Institute and London School of Hygiene and Tropical Medicine Uganda 

Research Unit, Entebbe Uganda. 

Measurement of ABI to assess the presence of PAD 

After a 10-minute rest in a still supine position, an ABI measurement to assess the 

presence of PAD was performed using an automated MESI® ABI measuring device 

(MESI® APBI MD). Differently coloured and well-labelled cuffs in appropriate adult 

sizes were separately placed on each participant’s left upper arm and slightly above 

the left and right ankle joints. The manufacturer’s instructions were closely followed 

during the entire process of the ABI measurement.  

Study definition of PAD  

The presence of PAD was defined as the presence of an ABI of ≤0.9 in any of the 

lower limbs while severe PAD was defined as an ABI ≤0.5 in either lower limb. 

Participants with an ABI of 0.91-0.99, 1.00-1.40, and >1.40 were considered to have 

borderline ABI, normal ABI, and non-compressible arteries, respectively [4]. 

Statistical analysis 

Proportions and medians with inter-quartile range (IQR) were used to describe the 

categorical and continuous variables, respectively. The differences in the socio-

demographic, clinical, anthropometric, and metabolic characteristics between 

participants with and without PAD were analysed using the x2 test for categorical data 

and the Kruskal Wallis test for continuous data. Specific sociodemographic, clinical, 
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and metabolic characteristics that have been shown to be associated with PAD in 

literature were added to the logistic regression model to identify the independent 

predictors of PAD. All analyses were done using STATA statistical software version 

15. A p-value <0.05 with a 95% confidence interval (95% CI) without 1 was considered 

statistically significant. 

RESULTS 

Baseline characteristics of all study participants 

The socio-demographic, clinical, and metabolic characteristics of all the study 

participants are summarised in table 1. 

The median age and ABI of the study participants were 50 (30-59) years and 1.14 

(1.04-1.21), respectively with about 52% of the participants being female. A current or 

past history of smoking and alcohol consumption was reported in about 7% and 34% 

of participants, respectively. About 33% and 11% of the participants reported co-

existing hypertension and HIV infection, respectively. A small proportion of participants 

were initiated on oral lipid-lowering and antiplatelet therapies at the time of diagnosis 

by their attending clinicians (19% and 7%, respectively). 

Burden of PAD  

An ABI of ≤0.9 was documented in 44 study participants, reflecting a prevalence of 

PAD of 17.3%. Of these 44 participants, 41 (93.2%) had severe PAD. A borderline 

and normal ABI was recorded in 2.4% and 80%, respectively. Only one (0.4%) 

participant had noncompressible arteries. 

Comparison of socio-demographic, clinical, anthropometric, and metabolic 

characteristics of participants with and without PAD 

Table 1 summarises the socio-demographic, clinical, anthropometric, and metabolic 

characteristics of the participants with and without PAD. 
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Compared with those without PAD, participants with PAD were more likely to be 

female (≈73% vs 47%, p=0.002), to have HIV infection (21% vs 9%, p=0.02), a higher 

median UACR (3.41 [1.14-6.82] vs 2.27 [1.14-3.41] mg/mmol, p=0.002) and FBG (11.0 

[7.6-16.5] vs 8.3 [6.1-11.9] mmol/l, p=0.001), and a lower median e-GFR (108.1 [90.8-

130.1 vs 120.5 [106.4-133.4] ml/min/1.73m2, p=0.004). No association was noted 

between PAD and other conventional cardiovascular risk factors like age at diagnosis 

(p=0.17), current or history of smoking (p=0.26), alcohol ingestion (p=0.15), presence 

of hypertension comorbidity (p=0.11), systolic BP level (p=0.14), measures of 

increased adiposity (BMI [p=0.24] and WC [p=0.87]), and dyslipidaemia on bivariate 

analysis. Despite the high frequency of participants with severe PAD, none had 

intermittent claudication or gangrene on clinical assessment. 

On multivariate analysis, PAD in this study population was independently associated 

with female gender (odds ratio or OR 3.35 95% CI 1.49-7.52, p=0.003), FBG (OR 1.11 

95% CI 1.05-1.19, p=0.001), and UACR (OR 1.09 95% CI 1.03-1.16, p=0.006).  

Table 2 summaries the independent predictors of PAD. 

DISCUSSION 

In this study population, we report PAD to occur in about one in every six adult patients 

with newly diagnosed diabetes, with most having severe PAD. Female gender, UACR, 

and FBG were identified as the independent predictors of PAD. 

The prevalence of PAD in adult patients with diabetes in SSA has been reported in 

cross-sectional studies to range from 8.3% to 61.7% [6-15]. The reasons for this 

striking variation in the documented burden of PAD in SSA are unclear but may relate 

to genetic heterogeneity and population differences in the distribution of other 

cardiovascular risk factors such as smoking, obesity, dyslipidaemia, as well as 

methodological differences. In particular, the duration of diabetes plays an important 
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role in the manifestation of PAD. Our findings are closest to those of studies from 

Ghana [8] and Tanzania [9], where rates of 18.6% and 20.7%, respectively were 

observed. However, these were studies performed in patients with long-standing 

diabetes, rather than in patients with newly diagnosed diabetes. Because of this, the 

findings are, therefore, not directly comparable. 

In general, the prevalence of PAD in African populations is significantly higher than 

that reported in white and South Asian populations, where rates of 6.6 to 10.4% have 

been observed [16-21]. In addition, PAD in these populations is strongly associated 

with common cardiovascular risk factors, including increased age, smoking, obesity, 

dyslipidaemia, and insulin resistance. While some of these risk factors, such as the 

presence of microalbuminuria and evidence of poor glycaemic control (high fasting 

glucose and HbA1c) were higher in our study participants with PAD, we did not 

observe an association with several other conventional cardiovascular risk factors like 

increasing age, smoking, hypertension, dyslipidaemia, markers of adiposity (BMI, WC, 

WHR, and WHtR), and hyperuricaemia. In addition, despite the high prevalence of HIV 

co-infection comorbidity in patients with PAD (20.5%), no association was observed 

with PAD at multivariate analysis. The reasons for this discrepancy are unknown but 

may represent the existence of novel emerging risk factors or genetic predisposition 

in our local population and probably could also be related to the insufficient power of 

the study.   

Microalbuminuria has also been reported to be associated with PAD in the Asian and 

white populations [22-24]. In addition to being a predictor of kidney damage, 

microalbuminuria is also a well-documented predictor of subclinical vascular damage 

and increased cardiovascular morbidity and mortality in the general population and 

specific patient populations like patients with diabetes and hypertension [25-27]. 
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Our observation of female preponderance in PAD risk is in accord with other previous 

studies in the region and internationally. For example, a study of 229 adult patients 

with long-standing diabetes in Uganda showed that being female increased the odds 

of having PAD by almost 2-fold [10]. Similarly, large studies in white populations of 

European descent have also documented an increased burden of PAD in females 

compared to male participants. Some of the postulated reasons for increased PAD 

among women include older age, higher BMI, blood pressure, lipid, and inflammation 

indices [28, 29].  

Study limitations 

Despite the findings, our study had some limitations. Participants were recruited from 

a limited number of tertiary hospitals; therefore, these findings cannot be directly 

extrapolated to the general Ugandan population with newly diagnosed diabetes. Being 

cross-sectional in design, the study does not provide evidence about the temporal 

relationship between PAD and diabetes. 

The study also had an insufficient sample size or limited power, and this could explain 

the observed lack of association between the conventional cardiovascular risk factors 

and PAD in this study population. 

CONCLUSION 

PAD was noted to occur in about one in every six adult patients with recently 

diagnosed diabetes, with the majority having severe PAD. Female gender, UACR, and 

FBG were identified as the independent predictors. The absence of association of PAD 

with the conventional cardiovascular risk factors indicates that PAD in our adult 

population with new-onset diabetes might be influenced by novel cardiovascular risk 

factors which need to be robustly investigated. In addition, the absence of intermittent 
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claudication and gangrene on clinical assessment in patients with severe PAD is 

intriguing and the reasons for this observation warrant further investigation. 
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Table 1. Baseline sociodemographic, clinical, anthropometric, and metabolic 

characteristics of all study participants, and those with and without PAD 

separately 

Characteristics  All study 

participants (n=255) 

PAD present 

(n=44, 17.3%) 

PAD absent 

(n=211, 82.7%) 

P-value 

Socio-demographic and 

clinical 

Age, years 

 

 

50 (39-59) 

 

 

55 (44-63) 

 

 

49 (38-58) 

 

 

0.17 

Gender                   Males                     

                           Females 

123 (48.2) 

132 (51.8) 

               12 (27.3)                             

32 (72.7)       

111 (52.6) 

100 (47.4) 

0.002 

Residence              Urban  

                               Rural 

210 (82.4) 

44 (17.3) 

31 (70.5)       

13 (29.6)       

179 (84.8)   

31 (14.7) 

0.05 

Smoking status      Yes                             

                               Quit 

6 (2.4) 

11 (4.3) 

2 (4.6)     

3 (6.8)        

4 (1.9) 

8 (3.8)     

0.26 

Alcohol consumption 

                               Yes                            

                               Quit 

 

57 (22.4) 

29 (11.5) 

 

5 (11.4)       

6 (13.6)       

 

52 (24.8) 

23 (11.0)    

 

0.15 

Self-reported comorbidities 

Hypertension 

 

84 (32.9) 

 

19 (43.2)       

 

65 (30.8)   

 

0.11 

HIV infection 27 (10.6) 9 (20.5)        18 (8.5) 0.02 

Systolic BP, mmHg 125 (115-135) 121 (109-134) 125 (117-135) 0.14 

Diastolic BP, mmHg 84 (77-90) 83 (78-91) 84 (77-90) 0.43 

Anthropometry 

BMI, kg/m2 

 

27.3 (23.6-31.7) 

 

25.9 (22.7-32.9) 

 

27.5 (23.9-31.5) 

 

0.24 

BMI <25 kg/m2 

        25-29.9 kg/m2 

        ≥30 kg/m2 

86 (34) 

79 (31.2) 

88 (34.8) 

18 (41.9) 

11 (25.6) 

14 (32.5) 

68 (32.4) 

68 (32.4) 

74 (35.2) 

0.46 

WC, cm 96 (88-105) 96.5 (88-108) 96 (88-104) 0.87 

HC, cm 104 (96.5-111.8) 104.1 (96.0-116.5) 104 (96.5-111.8) 0.97 

WC: HC ratio 0.91 (0.87-0.96) 0.90 (0.85-0.95) 0.91 (0.87-0.96) 0.48 

WC: height ratio 0.59 (0.53-0.65) 0.59 (0.51-0.69) 0.59 (0.53-0.65) 1.00 

Metabolic 

TC, mmol/l 

 

4.1 (3.3-5.2) 

 

4.2 (3.3-4.7) 

 

4.0 (3.3-5.2) 

 

0.73 

HDLC, mmol/l 1.0 (0.8-1.2) 1.1 (0.8-1.4) 1.0 (0.8-1.2) 0.11 

TGL, mmol/l 1.3 (0.9-1.8) 1.4 (1.1-2.0) 1.2 (0.9-1.8) 0.31 

LDLC, mmol/l 2.6 (1.9-3.5) 2.5 (1.8-3.4) 2.6 (1.9-3.5) 0.72 

Non-HDLC, mmol/l 3.0 (2.4-3.8) 3.1 (2.5-3.6) 3.0 (2.3-3.8) 0.71 

TC/HDLC 4.1 (3.3-5.1) 3.9 (3.2-5.4) 4.1 (3.3-5.1) 0.46 

TGL/HDLC 1.4 (0.9-2.1) 1.4 (0.9-2.0) 1.4 (0.9-2.1) 0.96 

Uric acid, mmol/l 282.7 (223-346) 268 (217-342) 284 (226-346.4) 0.69 
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UACR, mg/mmol 2.27 (1.14-3.41) 3.41 (1.14-6.82) 2.27 (1.14-3.41) 0.002 

Serum creatinine, µmol/l 65 (54-76) 66 (56-78) 65 (54-76) 0.78 

e-GFR, ml/min/1.73m2 119.6 (102.5-131.9) 108.1 (90.8-130.1) 120.5 (106.4-

133.4) 

0.004 

HbA1c, % 10.6 (7.3-12.5) 10.6 (8.6-13.2) 10.6 (7.2-12.4) 1.00 

HbA1c, mmol/mol 92 (57-113) 92 (71-114) 92 (55-112) 1.00 

FBG, mmol/l 8.6 (6.5-13.1) 11. 0 (7.6-16.5) 8.3 (6.1-11.9) 0.001 

Data is presented in form of percentages for categorical variables and median with 
IQR for continuous variables 

 

Table 2. Multivariate analysis to identify independent predictors of PAD 

Characteristic                    AOR (95%CI)         P-value 

Age, years 1.02 (0.99-1.05) 0.11 

Female gender 3.35 (1.49-7.52) 0.003      

UACR, mg/mmol 1.09 (1.03-1.16) 0.006      

Fasting blood glucose, mmol/l 1.11 (1.05-1.19) 0.001      

                       AOR- Adjusted odds ratio, CI- Confidence interval 
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CHAPTER EIGHT: DIABETIC KIDNEY DISEASE IN ADULT UGANDANS WITH 

NEW-ONSET DIABETES 

This chapter presents the findings of another sub-study that investigated the burden 

and predictors of diabetic nephropathy in randomly selected adult patients with new-

onset diabetes, as part of the third objective of the Ph.D. that aimed to determine the 

prevalence and correlates of two specific diabetes complications (peripheral arterial 

disease and diabetic nephropathy) in this cohort. 

8.1 Ph.D. research paper 5: Burden and predictors of diabetic kidney disease in 

an adult Ugandan population with new-onset diabetes 

8.2 Summary of key findings 

In this study, diabetic kidney disease (DKD) was assessed by measurement of urine 

albumin creatinine ratio and estimated glomerular filtration rate (e-GFR) in 519 

randomly selected adult patients with newly diagnosed diabetes. DKD was confirmed 

in 33.7% of the participants, of which, only 1.4% had an e-GFR <60 ml/min/1.73 m2 

suggestive of chronic kidney disease. Self-reported hypertension comorbidity and 

obesity were noted to independently predict DKD in this study population.  
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ABSTRACT 

Background 

Despite the growing evidence of diabetic kidney disease (DKD) in adult patients with 

long-standing diabetes in sub-Saharan Africa, data on its burden and correlates in 

adult African patients with new-onset diabetes are limited. We, therefore, undertook 

this study to determine the burden and predictors of DKD in an adult population with 

new-onset diabetes in Uganda. 

Methods 

We collected data on the relevant sociodemographic, clinical, anthropometric, and 

metabolic characteristics in 519 participants with newly diagnosed diabetes recruited 

from seven tertiary hospitals. A spot mid-stream urine sample was collected for 

determination of the urine albumin creatinine ratio (UACR) using Clinitek® 

microalbumin strips and a point-of-care Clinitek® status analyser. The estimated 

glomerular filtration rate (e-GFR) was determined using the Chronic Kidney Disease 

Epidemiology formula. The presence of DKD was defined as a spot UACR ≥3 

mg/mmol with or without an e-GFR <60 ml/min/1.73m2. 

Results 

The median (IQR) age, UACR, and e-GFR of the participants were 48 years (39-57), 

2.27 mg/mmol (1.14-3.41), and 121.8 ml/min/1.73m2 (105.4-133.9). UACR ≥3 

mg/mmol and e-GFR <60 ml/min/1.73m2 was noted in 175 (33.7%) and 7 (1.4%) 

participants, respectively. DKD was documented in 175 participants (33.7%). 

Compared with those without DKD, participants with DKD were more likely to be ≥50 

years of age (53.7% vs 43%, p= 0.02) and to have co-existing hypertension at the time 

of diagnosis (40.6% vs 30.1%, p=0.02). On multivariate analysis, self-reported 

hypertension comorbidity (OR 1.76 95% CI 1.24-2.48, p=0.002) and body mass index 
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(BMI) ≥ 30 kg/m2 (OR 0.61 95% CI 0.41-0.91, p=0.02) were noted to independently 

predict DKD. 

Conclusion 

In this study population, DKD was relatively common and was independently 

associated with self-reported hypertension comorbidity and BMI ≥ 30 kg/m2.  

Keywords 

Diabetic kidney disease, adult patients, new-onset diabetes, Uganda, sub-Saharan 

Africa. 

 

INTRODUCTION 

Diabetic kidney disease (DKD) is a heterogeneous clinical condition characterised by 

the presence of persistent overt proteinuria (urine albumin creatinine ratio or UACR 

≥300 mg/g or 3 mg/mmol) and declining renal function reflected by an estimated 

glomerular filtration rate (e-GFR) of <60 ml/min/1.73 m2 (1). Traditionally, the presence 

of albuminuria has been recognised as the hallmark of DKD (classical albuminuric 

DKD). However, recent studies have shown that, in addition to the classical 

albuminuric DKD phenotype, two new nonalbuminuric phenotypes of DKD exist, i.e., 

nonalbuminuric DKD and progressive renal decline, suggesting that progression of 

DKD can also occur through a non-albuminuric pathway (2, 3).  

An increasing burden of DKD has been reported in adult patients with type 2 diabetes 

in sub-Saharan Africa (SSA) (4-6). While there is reasonable data on the prevalence 

of DKD in African patients with long-standing diabetes, data on its burden and 

predictors in adult patients with newly diagnosed diabetes remains limited. 

This study aimed to investigate the prevalence, phenotypes, and predictors of DKD in 

an adult Ugandan population with newly diagnosed diabetes.   
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METHODS 

Study settings, duration, and participants 

This study was performed in seven tertiary hospitals located in Central and 

Southwestern Uganda from February 2019 to October 2020. These hospitals serve 

the surrounding urban, peri-urban, and rural populations.  

Participants were patients aged ≥18 years with a new diagnosis of diabetes (<3 

months from the time of diagnosis). They were recruited from outpatient specialist 

diabetes clinics. Participants with fever, any acute illness, and pregnancy were 

excluded. Both treatment naïve and those who had been initiated on any glucose-

lowering treatment were eligible to participate. A total of 519 participants were 

recruited for the study. 

Socio-demographic, clinical, anthropometric, and metabolic characterisation 

Participants were assessed following an overnight fast (≥8 hours). Using a pre-tested 

case report form, relevant socio-demographic and clinical data were collected. This 

included age at diagnosis, gender, smoking habits (current and past), and co-existing 

hypertension comorbidity. Following standardised study procedures, biophysical 

measurements which included resting blood pressure and relevant anthropometric 

measurements (weight, height, waist circumference [WC], hip circumference [HC], 

body mass index [BMI], and waist: hip circumference ratio [WHR] were then 

performed.  

A fasting blood sample was then collected for the measurement of blood glucose 

(FBG), glycated haemoglobin (HbA1c), lipid profile, uric acid, a complete blood count 

(for estimation of the haemoglobin level), serum urea, and serum creatinine (for 

estimation of the e-GFR) using electro-chemiluminescence immunoassays 
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manufactured by Roche diagnostics Limited, Germany on a Cobas 6000 C-model SN 

14H3-15 machine (Hitachi High Technologies Corporation, Tokyo Japan).   

The study participants were then advised on how to collect a spot mid-stream urine 

sample in a sterile urine container, and UACR was assessed using the Siemens 

Healthcare Clinitek® microalbumin reagent test strips and a point-of-care Clinitek® 

status analyser. The Clinitek® status analyser also provided data on urine leucocytes, 

nitrites, glucose, blood, and pH.  

All laboratory tests were performed at the ISO-certified clinical chemistry laboratory at 

the Medical Research Council/Uganda Virus Research Institute and London School of 

Hygiene and Tropical Medicine Uganda Research Unit, Entebbe Uganda. 

The e-GFR was determined using the Chronic Kidney Disease Epidemiology (CKD-

EPI) formula (7). The e-GFR and the UACR were classified according to the Kidney 

Disease: Improving Global Outcomes (KDIGO) 2020 Clinical Practice Guideline for 

Diabetes Management in Chronic Kidney Disease. The e-GFR was categorized as 

follows: G1: ≥90mL/min/1.73m2 (normal kidney function), G2: 60–89mL/min/1.73 m2 

(mildly decreased), G3a: 45–59mL/min/1.73 m2 (mildly to moderately decreased), 

G3b: 30–44mL/min/1.73 m2 (moderately to severely decreased), G4: 15–

29mL/min/1.73 m2 (severely decreased), and G5: <15mL/min/1.73m2 (kidney failure). 

Albuminuria categories based on the UACR were as follows: A1: <3mg/mmol (normal 

to mildly increased), A2: 3–30mg/mmol (moderately increased), and A3: >30mg/mmol 

(severely increased) (1). 

Definition of diabetic kidney disease and its phenotypes 

DKD was defined as a spot UACR ≥3 mg/mmol (A2 and A3) with or without a reduced 

e-GFR of <60 ml/min/1.73m2 (G3a-G5). Albuminuric and non-albuminuric DKD was 

defined as a spot UACR ≥3 mg/mmol (A2 and A3) regardless of the e-GFR and an e-
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GFR<60 ml/min/1.73m2 with UACR <3 mg/mmol (G3a-G5 and A1). No DKD was 

defined as an e-GFR ≥90 ml/min/1.73m2 and UACR <3 mg/mmol (G1 and A1) (1). 

Statistical analysis 

To describe the characteristics of all study participants, we used proportions for the 

categorical variables and medians with inter-quartile range (IQR) for the continuous 

variables. Proportions were also used to express those with and without DKD, and the 

two DKD phenotypes (albuminuric and non-albuminuric DKD).  

The differences in the socio-demographic, clinical, anthropometric, and metabolic 

characteristics of participants with and without DKD were analysed using the x2 test 

for categorical data and the Kruskal Wallis test for continuous data. Odds ratios (OR) 

and their corresponding 95% confidence intervals (CI) were estimated using logistic 

regression. Specific sociodemographic, clinical, and metabolic characteristics well-

known to be associated with DKD were added to the logistic regression model to 

identify the independent predictors of DKD. All analyses were done using STATA 

statistical software version 15 College Station, TX: StataCorp LLC.  

RESULTS 

The characteristics of all study participants and those with and without DKD separately 

are shown in table 1. 

The median (IQR) age, HbA1c, UACR, and e-GFR of the participants was 48 years 

(39-57), 10.6% (7.8-12.5) or 92 mmol/mol (62-114), 2.27 mg/mmol (1.14-3.41), and 

121.8 ml/min/1.73m2 (105.4-133.9). A UACR of <3 mg/mol (A1 category), 3-30 

mg/mmol (A2 category), and >30 mg/mmol (A3 category) were noted in 344 (66.3%) 

participants, 167 (32.2%) participants, and 8 (1.5%) participants, respectively. An e-

GFR of ≥90 ml/min/1.73m2 (G1 category), 60-90 ml/min/1.73m2 (G2 category), 45-59 

ml/min/1.73m2 (G3a category), 30-44 ml/min/1.73m2 (G3b category), and <15 
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ml/min/1.73m2 (G5 category) was noted in 461 (88.8%) participants, 51 (9.8%) 

participants, 4 (0.8%) participants, 2 (0.4%) participants, and 1 (0.2%) participant, 

respectively. No participant had an e-GFR between 15 and 29 ml/min/1.73m2.  

DKD was observed in 175 participants (33.7%) participants. 

Socio-demographic, clinical, and metabolic characterisation of participants with 

and without DKD  

Compared with those without DKD, participants with DKD generally were more likely 

to be ≥50 years of age (53.7% vs 43%, p= 0.02) and have co-existing hypertension at 

the time of diagnosis (40.6% vs 30.1%, p=0.02). No significant differences in sex, 

anthropometric (BMI, WC, and WHR), and metabolic (glycaemic indices-FBG and 

HbA1c, lipid profile, and uric acid concentrations) characteristics were noted between 

the two groups.  

Independent predictors of DKD  

Table 2 shows the multivariate analysis to identify predictors of DKD. 

On multivariate analysis, self-reported hypertension comorbidity (OR 1.76 95% CI 

1.24-2.48, p=0.002) and BMI ≥ 30 kg/m2 (OR 0.61 95% CI 0.41-0.91, p=0.02) were 

noted to be independent predictors of DKD. 

DISCUSSION 

In this study population, we report that DKD was relatively common, with the majority 

of participants presenting with the albuminuric phenotype. We also documented that 

pre-existing hypertension increased the odds of DKD while obesity reduced the risk. 

A wide variation in the prevalence of DKD has been reported across African 

populations (4-6, 8, 9). In one systematic review and meta-analysis of 21 medium- and 

high-quality studies performed in SSA to document the epidemiology of chronic kidney 

disease, the prevalence of DKD in the included studies was reported to range between 
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7.3% and 24%, with proteinuria being used as the main marker of the presence of 

DKD, in 96% of the studies (6). In another systematic review of 32 studies (two 

population-based and 30 clinic-based) performed in Africa by Noubiap JJ et al, the 

prevalence of DKD varied from 11% to 83.7%, with about 63% of the studies 

diagnosing DKD based on urine protein measurement (4). Another systematic review 

and meta-analysis that evaluated the burden of DKD and its association with 

hypertension in 27 studies performed in SSA reported a pooled prevalence of DKD of 

35.3% (5), similar to what we documented in our study. 

The reasons to explain these significant variations in the prevalence of DKD across 

the different African populations may be related to differences in diagnostic methods 

(urine protein and e-GFR measurement) and diagnostic thresholds used, populations 

studied (long-standing vs newly diagnosed or type 1 vs type 2 diabetes or combined), 

and study design (population-based vs health facility-based or private vs public health 

facilities).  

In our study, pre-existing hypertension was documented to be associated with 

increased odds of having DKD. Hypertension is a well-recognised risk factor of DKD, 

regardless of phenotype, in African (5, 8, 10-12), white (13, 14), and Asian (15, 16) 

populations. The mechanisms to explain the association between hypertension and 

DKD are not well-understood but may be related to augmented sodium retention, pro-

inflammatory cascade, renin-angiotensin-aldosterone, sympathetic nervous system, 

endothelial cell dysfunction, and oxidative stress, which ultimately result in glomerular 

damage (17, 18). 

Obesity (BMI ≥30 kg/m2) was documented to reduce the odds of DKD in our study 

population, a finding conflicting with what has been observed in most studies 
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investigating risk factors of DKD (19). This underscores the heterogeneity in the 

pathogenesis of DKD across populations.  

A similar protective effect of obesity towards having DKD was also reported in a 

retrospective study performed in rural South Africa in 253 adult patients with diabetes. 

Obesity and severe obesity defined as BMI >27 kg/m2 and >33 kg/m2 were present in 

63% and 36.5% of the participants, respectively. On multivariate analysis, severe 

obesity was associated with reduced odds of having microalbuminuria (OR 0.27 95% 

CI 0.08-0.48, p=0.002) (11). A BMI >25 kg/m2 was also noted to be associated with a 

reduced likelihood of chronic kidney disease, regardless of cause, in an urban and 

peri-urban community-based study performed in Uganda (20). 

The reasons explaining the increased risk of DKD in individuals with normal or low 

BMI as reported in our study have not been investigated in great detail but could partly 

be explained by the developmental origins of health and disease (DOHaD) theory or 

developmental programming. Early-life environmental insults (in-utero or early 

childhood) like chronic infections, pre-eclampsia, and maternal malnutrition induce 

epigenetic changes that affect gene expression, organ development, and function later 

in life resulting in several cardiometabolic conditions. Increased susceptibility to 

hypertension (a common predictor of kidney disease in African patients) and chronic 

kidney disease often develop due to an existing low nephron number or mass (Brenner 

hypothesis) (21). 

It is important to also note that patients with diabetes can develop kidney diseases 

due to other aetiologies. Hospital and community-based studies conducted in Uganda 

have reported hypertension, postinfectious glomerulonephritis, and HIV co-infection 

as common causes of kidney disease in adult Ugandans (12, 20, 22).  
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Study limitations 

We used a single-spot UACR measurement to determine participants with DKD. This 

could have led to an over-representation of the burden of DKD in this study population. 

We were also unable to screen for diabetic retinopathy, as recommended, to correlate 

the diagnosis of DKD, especially in patients with the albuminuric phenotype.  

CONCLUSION 

DKD especially the albuminuric phenotype was relatively frequent in these adult 

Ugandan patients with newly diagnosed diabetes. A positive association was observed 

between hypertension comorbidity and DKD while obesity had an inverse association. 

Measurement of UACR as a measure of assessing DKD should be encouraged in 

clinical care, especially in patients with co-existing hypertension and BMI <30 kg/m2.  

List of abbreviations 

BMI-body mass index, CKD-EPI- Chronic Kidney Disease Epidemiology formula, 

DKD-diabetic kidney disease, e-GFR-estimated glomerular filtration rate, FBG-fasting 

blood glucose, HbA1c-glycated haemoglobin, HC-hip circumference, KDIGO- Kidney 

Disease: Improving Global Outcomes, SSA-sub-Saharan Africa, UACR-urine albumin 

creatinine ratio, WC-waist circumference, WHR-waist: hip circumference ratio. 

DECLARATIONS  

Ethics approval and consent to participate 

The study received ethical approval from the research ethics committee of the Uganda 

Virus Research Institute (GC/127/18/05/650) and the Uganda National Council of 

Science and Technology (HS 2431). All participating study sites offered administrative 

approval before the initiation of the study. All study participants recruited into the study 

offered written informed consent. 

Consent for publication 



 121 

Not applicable. 

Availability of data and material 

The datasets used and/or analysed during the current study are available from the 

corresponding author on reasonable request. 

Competing interests 

All the authors report no conflict of interest. 

Funding  

This study was supported by the UK Medical Research Council (MRC) and the UK 

Department for International Development (DFID) under the MRC/DFID Concordat 

agreement, through a strategic award to Moffat J Nyirenda (MJN) (Project Reference: 

MC_UP_1204/16), and the National Institute for Health Research (NIHR) Global 

Health Research Grant (17/63/131). 

Authors’ contributions 

DK oversaw the entire data collection process, and data interpretation, and wrote the 

initial draft of the manuscript. IS performed the statistical analysis, and data 

interpretation, and reviewed all the versions of the manuscript. WL contributed to data 

collection and interpretation and reviewed all the versions of the manuscript. AGJ, 

ATH, LS, and MJN supervised this work, collectively contributed to the research idea, 

and reviewed all the versions of the manuscript. All the authors read and approved the 

final draft of the manuscript. 

Acknowledgments 

We would like to express our gratitude to the entire study research team and all the 

study participants who consented to join the study. 

 

 



 122 

REFERENCES 

1. KDIGO. KDIGO 2020 Clinical Practice Guideline for Diabetes Management in 

Chronic Kidney Disease. Kidney Int. 2020;98(4s):S1-s115. 

2. Persson F, Rossing P. Diagnosis of diabetic kidney disease: state of the art and 

future perspective. Kidney Int Suppl (2011). 2018;8(1):2-7. 

3. Chen Y, Lee K, Ni Z, He JC. Diabetic Kidney Disease: Challenges, Advances, 

and Opportunities. Kidney Dis (Basel). 2020;6(4):215-25. 

4. Noubiap JJN, Naidoo J, Kengne AP. Diabetic nephropathy in Africa: A 

systematic review. World J Diabetes. 2015;6(5):759-73. 

5. Wagnew F, Eshetie S, Kibret GD, Zegeye A, Dessie G, Mulugeta H, et al. 

Diabetic nephropathy and hypertension in diabetes patients of sub-Saharan countries: 

a systematic review and meta-analysis. BMC Res Notes. 2018;11(1):565. 

6. Stanifer JW, Jing B, Tolan S, Helmke N, Mukerjee R, Naicker S, et al. The 

epidemiology of chronic kidney disease in sub-Saharan Africa: a systematic review 

and meta-analysis. Lancet Glob Health. 2014;2(3):e174-81. 

7. Chronic Kidney Disease Epidemiology (CKD-EPI) collaboration equation. 

https://qxmd.com/calculate/calculator_251/egfr-using-ckd-epi (accessed on 

1/06/2020). 

8. Tolossa T, Fetensa G, Regassa B, Yilma M, Besho M, Fekadu G, et al. Burden 

and Determinants of Chronic Kidney Disease Among Diabetic Patients in Ethiopia: A 

Systematic Review and Meta-Analysis. Public Health Rev. 2021;42(3). 

9. Abd ElHafeez S, Bolignano D, D'Arrigo G, Dounousi E, Tripepi G, Zoccali C. 

Prevalence and burden of chronic kidney disease among the general population and 

high-risk groups in Africa: a systematic review. BMJ Open. 2018;8(1):e015069. 

https://qxmd.com/calculate/calculator_251/egfr-using-ckd-epi


 123 

10. Choukem SP, Dzudie A, Dehayem M, Halle MP, Doualla MS, Luma H, et al. 

Comparison of different blood pressure indices for the prediction of prevalent diabetic 

nephropathy in a sub-Saharan African population with type 2 diabetes. Pan Afr Med 

J. 2012;11:67. 

11. Rotchford AP, Rotchford KM. Diabetes in rural South Africa--an assessment of 

care and complications. S Afr Med J. 2002;92(7):536-41. 

12. Kalyesubula R, Hau J, Asiki G, Ssebunya B, Kusemererwa S, Seeley J, et al. 

Impaired renal function in a rural Ugandan population cohort [version 3; peer review: 

2 approved]. Wellcome Open Research. 2019;3(149). 

13. Retnakaran R, Cull CA, Thorne KI, Adler AI, Holman RR. Risk factors for renal 

dysfunction in type 2 diabetes: U.K. Prospective Diabetes Study 74. Diabetes. 

2006;55(6):1832-9. 

14. Penno G, Solini A, Bonora E, Fondelli C, Orsi E, Zerbini G, et al. Clinical 

significance of nonalbuminuric renal impairment in type 2 diabetes. J Hypertens. 

2011;29(9):1802-9. 

15. Yoshida Y, Kashiwabara K, Hirakawa Y, Tanaka T, Noso S, Ikegami H, et al. 

Conditions, pathogenesis, and progression of diabetic kidney disease and early 

decliner in Japan. BMJ Open Diabetes Res Care. 2020;8(1). 

16. Unnikrishnan RI, Rema M, Pradeepa R, Deepa M, Shanthirani CS, Deepa R, 

et al. Prevalence and risk factors of diabetic nephropathy in an urban South Indian 

population: the Chennai Urban Rural Epidemiology Study (CURES 45). Diabetes 

Care. 2007;30(8):2019-24. 

17. Van Buren PN, Toto R. Hypertension in diabetic nephropathy: epidemiology, 

mechanisms, and management. Adv Chronic Kidney Dis. 2011;18(1):28-41. 



 124 

18. Lopes de Faria JB, Silva KC, Lopes de Faria JM. The contribution of 

hypertension to diabetic nephropathy and retinopathy: the role of inflammation and 

oxidative stress. Hypertens Res. 2011;34(4):413-22. 

19. Zhao Q, Yi X, Wang Z. Meta-Analysis of the Relationship between Abdominal 

Obesity and Diabetic Kidney Disease in Type 2 Diabetic Patients. Obes Facts. 

2021;14(4):338-45. 

20. Kalyesubula R, Nankabirwa JI, Ssinabulya I, Siddharthan T, Kayima J, 

Nakibuuka J, et al. Kidney disease in Uganda: a community based study. BMC 

Nephrol. 2017;18(1):116. 

21. Luyckx VA, Brenner BM. Clinical consequences of developmental 

programming of low nephron number. Anat Rec (Hoboken). 2020;303(10):2613-31. 

22. Muiru AN, Charlebois ED, Balzer LB, Kwarisiima D, Elly A, Black D, et al. The 

epidemiology of chronic kidney disease (CKD) in rural East Africa: A population-based 

study. PLoS One. 2020;15(3):e0229649. 

 

 

 

 

 

 

 

 

 

 



 125 

Table 1. Socio-demographic, clinical, anthropometric, and metabolic 

characteristics of all participants, and participants with and without DKD 

separately 

 

Characteristics  

All study participants 

(n=519) 

DKD present 

(n=175, 33.7%) 

No DKD  

(n=344, 66.3%) 

P value 

Socio-demographic and 

clinical 

    

Age (years)§ 

≥ 50 years* 

48 (39-57) 

242 (46.6)          

50 (42-59) 

94 (53.7)          

47 (39-56) 

148 (43) 

0.36 

0.02 

Sex*      

Males                                 

Females                     

 

227  (43.7) 

292  (56.3) 

 

68 (38.9) 

107 (61.1)                      

 

159 (46.2) 

185 (53.8)       

 

0.11 

Smoking habits (current 

or quit)*                        

45 (8.7) 12 (6.9) 33 (9.6) 0.57 

Self-reported 

hypertension comorbidity* 

174  (33.7) 71 (40.6)           103 (30.1)       0.02 

SBP (mmHg)§ 125 (115-136) 126 (116-142) 125 (115-133) 0.50 

DBP (mmHg)§ 84 (77-91)   85 (78-92) 83 (76-90) 0.38 

Anthropometric§     

BMI (kg/m2) 27.4 (23.4-31.4) 26.5 (23-31.3) 27.6 (23.7-31.6) 0.51 

BMI <25 kg/m2 

        25-29.9 kg/m2 

        ≥30 kg/m2 

174 (33.7) 

164 (31.8) 

178 (34.5) 

66 (37.9) 

53 (30.5) 

55 (31.6) 

108 (31.6) 

111 (32.5) 

123 (35.9) 

0.34 

WC (cm) 96 (87-104) 96 (87-104.1)          96 (87.5-104)       0.60 

HC (cm) 103.5 (95.5-111.8) 102.5 (94.5-110.5) 104 (96-112)       0.67 

WHR 0.92 (0.88-0.96)    0.93 (0.89-0.97) 0.92 (0.87-0.96)         0.63 

Metabolic§      

Haemoglobin (g/dl) 14.3 (13.2-15.4) 14.2 (12.8-15.4) 14.3 (13.5-15.4) 0.27 

Urea (mmol/l) 3.2 (2.5-4.1) 3.2 (2.5-4.3) 3.1 (2.4-4)   0.20 

e-GFR (ml/min/1.73m2) 121.8 (105.4-133.9) 117.5 (97.9-132.3) 124.6 (109.5-134.6) 0.41 

TC (mmol/l) 4 (3.2-5) 4.1 (3.2-5) 4 (3.2-5.0) 0.11 

HDLC (mmol/l) 0.9 (0.7-1.2) 1 (0.8-1.3)       0.9 (0.7-1.2) 0.30 

TGL (mmol/l) 1.4 (1-1.9) 1.4 (1-1.9) 1.3 (1-1.8) 0.36 

LDLC (mmol/l) 2.6 (1.9-3.4)    2.6 (1.8-3.52) 2.6 (2-3.3) 0.53 

Non-HDLC (mmol/l) 3 (2.3-3.8) 3.1 (2.3-3.9) 3 (2.3-3.8) 0.43 

Uric acid (µmol/l) 270 (217-330.2) 272 (214-335) 268 (217-327) 0.68 

HbA1c (%) 10.6 (7.8-12.5) 10.8 (8.6-12.5) 10.4 (7.5-12.6) 0.44 

HbA1c (mmol/mol) 92 (62-114)   95 (70-113) 90 (59-114) 0.43 

FBG (mmol/l) 8.6 (6.3-13.4) 9.5 (6.5-14) 8.1 (6.2-12.8) 0.42 

*Data is presented in form of absolute numbers and percentages §Data is presented 
as median with IQR.  
BMI-Body mass index, e-GFR- Estimated glomerular filtration rate, FBG- Fasting 
blood glucose, HbA1c-Glycated haemoglobin, HC-Hip circumference, HDLC-High 
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dense lipoprotein cholesterol, LDLC-Low dense lipoprotein cholesterol, TC-Total 
cholesterol, TGL-Triglycerides, WC-waist circumference, WHR-Waist: hip 
circumference.  
 
Table 2. Multivariate analysis to identify predictors of diabetic kidney disease 

Characteristic AOR (95%CI) P-value 

Age at diagnosis (years) 1.01 (1.00-1.02) 0.19 

Sex of participants 1.26 (0.89-1.75) 0.19      

Self-reported hypertension comorbidity 1.76 (1.24-2.48) 0.002       

BMI <25 kg/m2 

       25-29.9 kg/m2 

       ≥ 30 kg/m2 

1 

0.77 (0.52-1.15) 

0.61 (0.41-0.91) 

 

0.20     

0.02 

AOR- Adjusted odds ratio, CI- Confidence interval, BMI- Body mass index 
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CHAPTER NINE: KEY FINDINGS FROM THE Ph.D. STUDIES, STUDY 

STRENGTHS, AND LIMITATIONS, AND IMPLICATIONS FOR PRACTICE, POLICY, 

AND FUTURE RESEARCH 

9.1 Discussion of the thesis 

This chapter mainly discusses the key findings from the Ph.D. studies, study strengths, 

and limitations, and implications for clinical practice, policy, and future research.  

This Ph.D. comprised a published narrative review on understanding the manifestation 

of diabetes in SSA to inform therapeutic approaches and preventive strategies, and a 

cross-sectional study of 568 adult Ugandan patients with newly diagnosed diabetes.  

The cross-sectional study was designed to undertake a detailed clinical, metabolic, 

and immunologic characterisation of an adult Ugandan population with newly 

diagnosed diabetes to understand the burden of islet autoantibody positivity (as a 

marker of pancreatic autoimmunity) and its related characteristics, the phenotypic 

differences between lean and non-lean individuals with confirmed type 2 diabetes, and 

the burden and correlates of diabetes complications at diagnosis (peripheral arterial 

disease and diabetic nephropathy). 

We hypothesised that, due to the effect of local environmental exposures like chronic 

early-life malnutrition, infections, low-grade inflammation, and genetic diversity, the 

Ugandan adult diabetes phenotype will be distinct from what has been described in 

white populations of European ancestry in high-income countries. We hypothesised 

that the majority of the Ugandan adult patients with newly diagnosed diabetes will be 

younger at diagnosis with lower levels of adiposity (BMI, WHR, visceral adiposity), and 

pathophysiologically, pancreatic beta-cell secretory dysfunction, as opposed to insulin 

resistance, would be the predominant pathophysiological defect. 
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9.2 Main findings and implications for practice and policy 

9.2.1 Narrative review 

After a detailed literature search performed in January 2018 in PubMed, Google 

Scholar, Scopus, and African Online Journals, a total of eight cross-sectional studies 

(1-8), six review articles (9-14), and two case reports (15, 16) with information on the 

distinct diabetes phenotypes in African populations were included in the narrative 

review. Of the eight cross-sectional studies, none was performed in adult patients with 

new-onset diabetes. Most studies recruited a small number of patients and included 

limited information on clinical and metabolic characteristics. 

Studies performed in Ethiopia (1) and Ghana (4, 5) reported a predominance in 

pancreatic beta-cell dysfunction, manifesting as reduced mean fasting C-peptide 

concentrations and greater blunting of the acute phase of insulin secretion in response 

to an oral glucose load following a 75g OGTT. Due to the high local prevalence of 

obesity, studies performed on adult patients with type 2 diabetes in Nigeria reported a 

dual predominance of insulin resistance and pancreatic beta-cell dysfunction (2, 3). 

The review also highlighted the clinical, metabolic, and immunological features of two 

unique diabetes subtypes (KPD and fibro calculous pancreatic diabetes) that have 

been described mainly in patients of African ancestry (6-8, 15, 16), further 

emphasising the distinctiveness of the diabetes phenotype in African populations. 

Due to the paucity of well-powered studies that have undertaken the robust clinical, 

metabolic, and immunologic characterisation of adult patients with new-onset diabetes 

in SSA, our cross-sectional study (the Uganda DIabetes Phenotype or UDIP study) of 

568 adult participants with newly diagnosed diabetes in Uganda was highly justified.  
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For this narrative review, we acknowledge the lack of formal assessment of the validity 

of the included studies using pre-defined standard criteria like the Newcastle-Ottawa 

scale as a major limitation and this may have introduced some bias. 

9.2.2 Cross-sectional study 

For the first time in SSA, the UDIP study aimed to comprehensively understand the 

manifestation of diabetes in a cohort of adult patients with newly diagnosed diabetes 

in Uganda. We collected data on relevant sociodemographic, clinical, anthropometric, 

metabolic, and immunologic characteristics from 568 patients (aged ≥18 years) with 

new-onset diabetes (<3 months from diagnosis) from February 2019 to October 2020. 

9.2.2.1 Understanding the burden of islet autoantibody positivity and related 

characteristics 

In our study population, we reported a low frequency of islet autoantibody positivity 

(6.4%). This suggests that pancreatic autoimmunity is a rare cause of adult-onset 

diabetes in the Ugandan population and testing for islet autoantibodies in adult 

patients with new-onset diabetes would have limited clinical impact in Uganda. 

Of the three islet autoantibodies, GADA was the most prevalent in this study 

population (3.2%). Additional screening for IA-2A and ZnT8-A identified 50% more 

participants with islet autoimmunity. Multiple islet autoantibody positivity (positive for 

>1 islet autoantibody) to reflect the presence of true autoimmune disease (type 1 

diabetes) was very infrequent (<1%). 

Islet autoantibody positivity, based on the screened islet autoantibodies, has been 

documented to be relatively more common in white European populations with 

prevalence ranging between 4.5% and 9.7% (17-19), but infrequent in the Middle East 

(2.8% based on GADA and IA-2A positivity) (20) and Asia (1.5%-8.6% based on 

GADA, IA-2A, and ZnT8-A positivity) (21-25). Similar to the findings of European 
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population-based studies, GADA positivity has been reported to be more prevalent 

than IA-2A and ZnT8-A positivity in Asians with phenotypic type 2 diabetes (23-25). 

In SSA, few studies have screened for islet autoantibody positivity using more than 

one islet autoantibody. Most have screened for only GADA positivity and have defined 

islet autoantibody positivity based on the manufacturer’s cut-offs, which are 

significantly lower than the local population-derived diagnostic thresholds that we 

used. Using the manufacturer’s cut-offs to define islet autoantibody positivity, as 

opposed to local population-derived cut-offs, is associated with a low test specificity, 

hence increasing the likelihood of including many false-positive cases and reporting 

an inaccurate prevalence of islet autoantibody positivity (26-28). In addition, none of 

these studies was performed in adult patients with new-onset diabetes. This results in 

the possibility of reporting an imprecise prevalence of islet autoantibody positivity since 

its prevalence is greatly affected by the duration of diabetes. Because of these notable 

differences in study methodology, a comparison of our study findings with other 

studies performed in SSA ought to be done with caution.  

Based on the reported GADA positivity rates only, studies performed in two Eastern 

African adult populations with apparent type 2 diabetes (Kenya and Tanzania) 

reported almost similar prevalence of GADA positivity of 5.7% and 5.3%, respectively 

(29, 30). In the Tanzanian study, the prevalence of islet autoantibody positivity 

increased to 7.3% with additional IA-2A measurement (30). Higher prevalence levels 

of GADA positivity in adults with type 2 diabetes have also been reported in 

Madagascar (12%) (31) and West African populations in Nigeria (10.5-14%) (32-34) 

and Ghana (8.9-14.3%) (35, 36).  

Participants who were islet autoantibody positivity were more likely to reside in rural 

areas, to be initiated on insulin therapy at diagnosis, and to have a lower WC, WC: 
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height ratio, and fasting C-peptide concentration. These findings are consistent with 

what has been observed in participants with islet autoantibody positivity in other 

populations (17, 18, 28, 37, 38). In addition to having lower markers of obesity, a 

finding of lower fasting and postprandial C-peptide concentrations in islet 

autoantibody-positive participants as shown in our study is an indicator of reduced 

pancreatic beta-cell function which is linked to progressive autoimmune-mediated 

damage of the pancreatic beta-cells (39). A high prevalence of pancreatic beta-cell 

dysfunction based on a lower fasting C-peptide concentration in participants with islet 

autoantibody positivity has been widely documented in several similar studies (38, 40-

42). 

Living in a rural area and being initiated on insulin therapy at the time of diagnosis of 

diabetes were noted to be independently associated with islet autoantibody positivity 

in our study population. The association with living in a rural residence is of particular 

interest. An association between the high frequency of pancreatic autoimmunity and 

rural residence has been previously reported in other studies performed in Ghana (36) 

and Ethiopia (43), which reported islet autoantibody positivity rates of 14.3% and 28% 

in patients living in rural areas, respectively. The underlying mechanisms to explain 

the increased likelihood of pancreatic autoimmunity in rural areas are unclear but may 

be related to the effects of chronic malnutrition (44, 45). 

Initiation of insulin therapy at the time of diagnosis of diabetes as an independent 

predictor of islet autoantibody positivity in this study population signifies pancreatic 

beta-cell dysfunction which is a predictor of early initiation of insulin therapy in islet 

autoantibody-positive participants in several studies (17, 18, 40, 41, 46).  

In European and Asian population-based studies, patients with adult-onset diabetes 

and positive for islet autoantibodies are significantly younger at diagnosis and have 
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lower BMI, blood pressure, and a more favourable lipid profile, when compared to 

those with type 2 diabetes (17-19, 38). In contrast, data from our study and most 

studies in African patients have not demonstrated these differences between patients 

with and without islet autoantibody positivity (31-33, 35). This may partly be due to the 

low number of patients positive for islet autoantibodies. 

Given our study finding of a low prevalence of islet autoantibody positivity, pancreatic 

autoimmunity is an infrequent cause of adult-onset diabetes in our Ugandan 

population. The documented low prevalence of islet autoantibody positivity also 

implies that routine measurement of islet autoantibodies in adult patients at the time 

of diagnosis of diabetes in Uganda would have minimal clinical benefit and would likely 

result in many false-positive results, especially if the lower manufacturer’s cut-offs are 

used to define autoantibody positivity. The study finding of an association between 

living in a rural area and islet autoantibody positivity is of unique interest and warrants 

further investigation.  

9.2.2.2 Characterisation of the lean type 2 diabetes phenotype 

After excluding participants with islet autoimmunity (those that tested positive for at 

least one of the three measured islet autoantibodies) and those with missing data on 

islet autoantibodies, 32% and 68% of participants with confirmed new-onset type 2 

diabetes were lean and non-lean, respectively.  

The relatively high proportion of individuals with type 2 diabetes who are lean in 

body  size in our study is also in accord with findings from the only nationwide 

population-based study conducted in Uganda that also reported a high proportion of 

participants with BMI <25 kg/m2 of about 81% (47), reflecting that, generally, the 

majority of adult Ugandans are lean in body size.   
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The documented frequency of lean type 2 diabetes phenotype in our study population 

is higher than what has been reported in large-scale studies performed in white 

European and Asian populations, with prevalence ranging between 5 and 23.5% (48-

52).  

Compared with the non-lean phenotype, the lean type 2 diabetes phenotype in our 

study population was associated with a male preponderance, lower levels of body 

adiposity (total body and visceral fat, WHR, and WHtR), and metabolic syndrome 

(serum triglycerides, uric acid, leptin, and low HDLC concentrations). 

Pathophysiologically, pancreatic beta-cell dysfunction (reflected by lower markers of 

pancreatic beta-cell function, i.e. oral IGI and 120-minute C-peptide concentration) as 

opposed to insulin resistance was the more predominant underlying pathophysiologic 

defect. 

This well-described distinct lean type 2 diabetes phenotype in our study population 

and the related metabolic characteristics like the predominance of pancreatic beta-cell 

dysfunction, lower levels of adiposity, and metabolic syndrome further demonstrate 

the heterogeneity of type 2 diabetes across populations. This distinct diabetes 

phenotype may be a manifestation of certain genetic influences or previous 

environmental exposures like chronic early-life malnutrition, poverty, and infections, 

and therefore, may be common in other similar low-income settings.  

Despite the propensity to have central obesity (high WC and WHR), increased markers 

of metabolic syndrome (an atherogenic lipid profile, low adiponectin concentrations, 

and higher systolic and diastolic blood pressures), and visceral adiposity, studies 

performed in South (51, 53-56) and East Asians (57-59) with the lean type 2 diabetes 

phenotype have also demonstrated that pancreatic beta-cell secretory dysfunction is 

the predominant underlying pathophysiological defect (51, 53-56), similar to what we 
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observed in our study population. These differences in the manifestation of diabetes, 

especially with the metabolic characteristics, may be influenced by environmental 

factors, such as dietary patterns.   

The relatively high proportion of individuals with type 2 diabetes that are lean in body 

size in our study population in addition to the predominance of pancreatic beta 

secretory dysfunction, as opposed to insulin resistance, has significant practice and 

policy implications. From a pathophysiological perspective, it may not be clinically 

prudent to manage such patients following a treatment algorithm that recommends 

lifestyle management and metformin as first-line approaches, similar to what is 

recommended by the American and European diabetes treatment guidelines. This is 

because the evidence supporting this management approach is largely derived from 

studies performed in white populations of European ancestry with type 2 diabetes (60-

63), whose diabetes phenotype differs from our Ugandan adult population (a greater 

proportion of white patients of European ancestry are overweight or obese with a pro-

atherogenic lipid profile and insulin resistance).  

Because of these population differences in diabetes phenotypes (notably the 

predominance of pancreatic beta-cell dysfunction) in addition to the high prevalence 

of lean body size as reflected by the low median BMI in the general adult Ugandan 

population, it would be prudent to revise the local guidelines for the management of 

type 2 diabetes in Uganda and advocate more for the use of oral diabetes therapies 

like the newer-generation sulfonylureas and dipeptidyl peptidase IV (DPP IV) inhibitors 

as first-line oral therapies for the management of type 2 diabetes in our adult Ugandan 

population as opposed to the commonly used metformin. From a pathophysiologic 

perspective, sulfonylureas and DPP IV inhibitors improve and/or preserve pancreatic 

beta-cell mass and function, hence most effective in patients with pancreatic beta-cell 
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secretory dysfunction while metformin is most effective in cases where insulin 

resistance predominates (64, 65). It is worth mentioning that we lack compelling 

evidence about which of the above oral therapeutic options that improve pancreatic 

beta-cell mass and/or function should be used as first-line therapy (either as 

monotherapy or in combination with another agent) in the management of type 2 

diabetes, especially in lean individuals.  

Because of the predominance of pancreatic beta-cell dysfunction in lean individuals 

with type 2 diabetes in our study population, assessment of pancreatic beta-cell 

function by measurement of either fasting, random, or stimulated C-peptide 

concentrations at the time of diagnosis of diabetes in these individuals would be 

clinically important to guide individualised diabetes treatment (especially timely 

initiation of insulin therapy in patients with confirmed absolute insulin deficiency). 

9.2.2.3 Burden and predictors of peripheral arterial disease 

Of the 255 participants that underwent baseline ABI measurement, we found a 

relatively high prevalence of PAD (defined as a resting ABI ≤ 0.9 in either or both lower 

limbs) of 17.3%. The majority of participants with confirmed PAD had severe disease 

or critical occlusion (≈93%). Despite the severity of the condition, most participants 

were asymptomatic without intermittent claudication and gangrene on clinical 

examination. 

This documented prevalence of PAD in our study population is almost similar to what 

has been reported in some African adult populations with long-standing diabetes (66-

68) and significantly higher than what has been reported in white and South Asian 

populations, where prevalence range between 6.6% and 10.4% (69-74). The reasons 

for the differences in the burden of PAD across populations are unclear but may be 
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related to genetic diversity, methodological differences in diagnosing PAD, and 

environmental influences.  

In our study population, we also observed an association between the female sex, 

UACR, FBG, and PAD. The female preponderance in PAD risk has also been reported 

by another study performed on adult patients with type 2 diabetes in Southwestern 

Uganda (75) and large studies in white populations of European ancestry (76, 77). The 

postulated reasons for the increased risk of PAD in women include older age, higher 

BMI, blood pressure, lipid, and inflammation indices (78, 79).  

Microalbuminuria as an independent predictor of PAD has also been reported in Asian 

and white populations with type 2 diabetes (80-82). In addition to being a predictor of 

kidney damage, microalbuminuria is also a well-documented predictor of subclinical 

vascular damage and increased cardiovascular morbidity and mortality in the general 

population and specific patient populations like patients with diabetes and 

hypertension (83-85). 

Contrary to what is reported in most studies performed in white and Asian populations 

with type 2 diabetes, we did not observe any association with several conventional 

cardiovascular risk factors like increasing age, smoking, hypertension, dyslipidaemia, 

markers of adiposity (BMI, WC, WHR, and WHtR), and hyperuricaemia. The plausible 

explanation for this clinical difference is not well-documented but may be related to 

genetic variations and the possible presence of emerging novel cardiovascular risk 

factors in our study population which need to be investigated.  

Intriguingly, despite the high prevalence of HIV co-infection comorbidity in patients 

with PAD (20.5%), it was not observed to be an independent predictor of PAD in this 

study population. The absence of an observed association could probably be due to 

the small sample size of the study.   
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The absence of clinical features like intermittent claudication and gangrene in patients 

with severe PAD in our study population also warrants further comprehensive 

investigation.  

Given the study findings, screening for PAD in adult patients with newly diagnosed 

patients, especially in female patients and those with abnormal UACR levels, should 

be recommended in clinical practice in Uganda.  

9.2.2.4 Burden and predictors of diabetic nephropathy 

In our study population, we documented a high prevalence of diabetic nephropathy of 

≈34%. The majority of the participants with diabetic nephropathy had an abnormal spot 

UACR (96%) and only 1.4% had an e-GRF of <60 ml/min/1.73 m2. 

A wide variation in the prevalence of diabetic nephropathy has been documented in 

African populations, with systematic reviews and meta-analyses reporting prevalence 

ranging from 7.3% to 83.7% (86-88). This may be explained by differences in 

diagnostic methods (urine protein and e-GFR measurement) and diagnostic 

thresholds used, populations studied (long-standing vs newly diagnosed or type 1 vs 

type 2 diabetes or combined), and study design (population-based vs health facility-

based or private vs public health facilities).  

In this study population, hypertension comorbidity was noted to have a positive 

association with DKD while an inverse association was observed with obesity (BMI 

≥30 kg/m2). Hypertension is a well-recognised risk factor of DKD, regardless of 

phenotype, in African (88-92), white (93, 94), and Asian (95, 96) populations. The 

mechanisms to explain the association between hypertension and diabetic 

nephropathy are not well-understood but may be related to augmented sodium 

retention, pro-inflammatory cascade, renin-angiotensin-aldosterone, and sympathetic 
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nervous system, endothelial cell dysfunction, and oxidative stress, which ultimately 

result in glomerular damage (97, 98). 

The study finding of a protective effect of obesity towards the onset of diabetic 

nephropathy in our study population is contrary to what has been described in most 

studies (99), highlighting the heterogeneity in the pathogenesis of diabetic 

nephropathy across populations. Obesity is often associated with increased insulin 

resistance, a highly atherogenic lipid profile, hypoadiponectinemia, and an 

exaggerated pro-inflammatory state, which all exacerbate renal injury in patients with 

type 2 diabetes (100).  

The reasons to explain the increased odds of developing DKD in individuals with 

normal or low BMI as shown in our study population have not been fully investigated 

but could partly be explained by the developmental origins of health and disease 

(DOHaD) theory or developmental programming. Early-life environmental insults (in-

utero or early childhood) like chronic infections, pre-eclampsia, and maternal 

malnutrition induce epigenetic changes that affect organ development and function 

later in life. These often result in a low nephron number or mass increasing the 

susceptibility to hypertension and chronic kidney disease (101). 

Universal screening for diabetic nephropathy, especially in adult patients with co-

existing hypertension and BMI <30 kg/m2, should be recommended in clinical practice 

in Uganda. 

9.3 Study strengths  

This Ph.D. study had several strengths. To our knowledge, it is the first study to 

undertake robust clinical, metabolic, and immunologic characterisation of a large 

cohort of adult patients with newly diagnosed diabetes in SSA. Recruiting patients with 

newly diagnosed diabetes minimised the effects of increasing the duration of diabetes 
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on important phenotypic characteristics being investigated like BMI, pancreatic beta-

cell function, and frequency and pattern of islet autoantibody positivity.  

The study was also undertaken across several tertiary hospitals that serve both urban, 

peri-urban, and rural populations. All of these hospitals run weekly active outpatient 

specialised diabetes clinics where all patients diagnosed with diabetes are referred for 

long-term management. We had a high acceptance rate of participants invited to join 

the study. 

We also used rigorously study protocols to perform a wide array of clinical, metabolic, 

and immunological tests (including 75g OGTT to obtain fasting and stimulated insulin, 

C-peptide, and glucose indices to evaluate the pancreatic beta-cell function, insulin 

resistance, and sensitivity) to comprehensively define the different diabetes 

phenotypes in our study population. 

Unlike all studies performed in SSA, screening for islet autoantibody positivity in our 

study was based on testing three common autoantibodies and the diagnostic cut-offs 

to defined positivity were derived from an appropriate healthy adult Ugandan 

population without diabetes. This approach is widely recommended because it 

ensures a high test specificity and, therefore, the inclusion of fewer false-positive 

results.  

As part of the islet autoantibody assessment, we used one of the highest performing 

islet autoantibody assays in the international Islet Autoantibody Standardisation 

Program and also undertook extensive validation performed on paired samples in an 

external laboratory (Royal Devon and Exeter NHS Foundation Trust, Exeter UK), to 

ensure robust results.  

9.4 Study limitations 
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The study participants were recruited only from tertiary hospitals located mainly in 

Central Uganda. This may be associated with selection bias which ultimately affects 

the generalisability of study findings to the general adult Ugandan population with 

diabetes, particularly underestimating the proportion of lean individuals with type 2 

diabetes. However, it is important to note that, according to the health system 

framework in Uganda, diabetes care is mainly centralised in the upper-tier healthcare 

facilities, and most patients self-refer to these hospitals for chronic diabetes 

management. 

As part of the evaluation of the total body and visceral adiposity, we used BIA, which 

is a less sensitive approach than computed tomography, magnetic resonance imaging, 

and dual-energy X-ray absorptiometry. The BIA has not been widely validated in adult 

African populations with type 2 diabetes. 

During the recruitment of participants, we did not immediately enroll critically ill 

participants at the time of presentation to the hospital (only recruiting them later on re-

attending the diabetes clinics when clinically stable but still within three months). This 

could have led to an underestimation of the study’s main outcomes. We, however, 

tried to follow up with most of these patients following discharge from the hospital and 

recruited them later at their subsequent clinical review.  

Because the study was a cross-sectional study in design, it offers no evidence of a 

temporal relationship between lean nonautoimmune type 2 diabetes and the well-

described pancreatic beta-cell dysfunction.   

9.5 Implications for future research 

The reasons for the documented pancreatic beta-cell secretory dysfunction associated 

with lean type 2 diabetes phenotype remain uninvestigated. There is a need for studies 

to rigorously investigate specific environmental (local toxins, tropical overt or 
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subclinical bacterial and viral infections), genetic (functional genomics on 

polymorphisms of genes related to pancreatic development and secretory function), 

and hormonal (incretin hormone axis) factors that may explain why pancreatic 

dysfunction predominates in Ugandan adult patients with lean type 2 diabetes. 

There is also a need for a robust study to undertake an in-depth investigation of the 

pancreatic organ size (evaluating the effect of structural defects) and visceral, ectopic, 

and total body adiposity (evaluating visceral and ectopic fat deposition) using highly 

sensitive recommended radiological modalities like magnetic resonance imaging or 

dual-energy Xray absorptiometry studies with an aim of further understanding the 

underlying pathophysiology of type 2 diabetes in our population. 

Because of the documented differences in the diabetes phenotype in our study 

population and white populations of European ancestry, it implies that treatment 

guidelines for type 2 diabetes informed by evidence collated from phenotyping studies 

of white populations of European ancestry cannot be directly extrapolated to our 

Ugandan adult population with type 2 diabetes. A future RCT to investigate the optimal 

first-line glucose-lowering therapy(ies) in our adult population with type 2 diabetes is 

urgently needed. Through collaboration in form of a local and international research 

consortium, this large-scale clinical research to identify the optimal first-line diabetes 

therapy in SSA, either as monotherapy or as a combination, can be extended to 

involve other adult African populations with type 2 diabetes. 

Due to the absence of an association between the conventional cardiovascular risk 

factors and PAD in our study, novel cardiovascular risk factors to explain the relatively 

high rate of PAD in our adult Ugandan population with diabetes need to be thoroughly 

investigated. It is interesting that, despite the documented high prevalence of severe 

PAD in our study population, most patients were asymptomatic (no intermittent 
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claudication), and none had gangrene on clinical examination. The reasons to explain 

this clinical observation ought to be investigated in detail, in addition to assessing 

whether PAD is associated with concurrent macro-vasculopathy in other vascular beds 

(notably carotid and coronary vasculature).  

Mechanisms to explain why obesity reduces the likelihood of having diabetic 

nephropathy in our study population also warrant an in-depth investigation. 

10.0 Conclusions 

The narrative review showed that few phenotyping studies with in-depth data on 

clinical, metabolic, and immunologic characteristics, especially in adult patients with 

new-onset diabetes exist in SSA. The cross-sectional study provided compelling 

evidence that, i) Generally, the Ugandan adult diabetes phenotype is distinct from that 

of white populations of European descent, ii) Pancreatic autoimmunity is an infrequent 

cause of adult-onset diabetes in the Ugandan population based on the low prevalence 

of islet autoantibody positivity, iii) The lean type 2 diabetes phenotype is relatively 

common, occurring in about one in every three adult patients recently diagnosed with 

diabetes, and pathophysiologically, is associated with predominant features of 

pancreatic beta-cell dysfunction and fewer markers of total body and visceral 

adiposity, metabolic syndrome, and insulin resistance, iv) PAD is relatively common in 

adult Ugandan population with new-onset diabetes, and is independently associated 

with female sex, UACR, and FBG, v) Diabetic nephropathy is relatively prevalent in 

adult Ugandan population with new-onset diabetes, and pre-existing hypertension and 

obesity are independent predictors. 

Future rigorous clinical studies to explain some of these study findings in our Ugandan 

adult population are urgently needed.  
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11.2 Regulatory approval from the Uganda National Council 

of Science and Technology 
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11.3 Participant informed consent form– English version 
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11.4  Participant sample storage consent form – English 

version 
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11.5 Case report form 

PARTICIPANT IDENTIFICATION 

Participant’s initials………………. Study Identification No. …………………/…………. 

Study site……………………………………………………………. 

Address………………………Participant’s phone number ………………………………. 

Next of kin’s initials ……………………………. Relationship ……………………………. 

Phone no of next of kin ………………………………………………. 

Email if applicable………………………………………………………………. 

Consent to be contacted in the future....1. Yes       2. No. 

Preferred mode of contact…………….1. Phone   2. Email. 

Has the participant fasted (no intake except water) for >8 hours?  1. Yes   2. No 

Record (in hours) the length of time since the participant last ate:…………………… 

IF NOT FASTED PLEASE REARRANGE VISIT 

A. SOCIO-DEMOGRAPHIC CHARACTERISTICS 

1. Participant status…………1. Case    2. Healthy control. 

2. Age …………………………………………….     

3. Date of birth ………. /…..../……….. 

4. Sex           1. Male   2. Female  

5. Residence (district):  1. Urban        2. Rural 

6. Employment: 1. Employed-full time 2. Employed-part time 3. Employed-casual                                    

4. Unemployed   5. Student.     6. Housewife. 

7. Level of Education        1. None         2. Primary level     3. Secondary level     4. 

Tertiary level.        

8. Marital status:  1. Single       2. Married      3. Widow   4. Widower   5. Separated 

B. FAMILY SOCIAL HISTORY 
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1. Any familial history of diabetes: mother?......   1. Yes       2. No       3. Don’t know. 

2. Any familial history of diabetes father?... .....   1. Yes       2. No       3. Don’t know. 

3. Any familial history of diabetes: any siblings?.......  1. Yes       2. No       3. Don’t 

know. 

4. Any familial history of hypertension: mother?...........  1. Yes       2. No       3. 

Don’t know. 

5. Any familial history of hypertension: father?............   1. Yes       2. No       3. 

Don’t know. 

6. Any familial history of hypertension: siblings?..........   1. Yes       2. No       3. 

Don’t know. 

7. Does any of your children have diabetes?......................1. Yes  2. No  3. Don’t 

know  4. NA 

8. Do you smoke?........................................................          1. Yes       2. No    3. Quit 

9. Do you drink alcohol?.................................................     1. Yes       2. No     3. Quit 

C. CLINIC ATTENDANCE…….. 1. I attend clinic   2. I do not attend clinic. 3. Not 

applicable. 

If you don’t attend clinic, please explain…………………………………………………….. 

D. HEALTH FACILITY WHERE YOU ATTEND DIABETES CARE 

CLINICS……..……1. Government/public hospital.  2. Private hospital  3. Mission or 

Private-not-for profit hospital   4. Private clinic   5. Traditional healer. 

E. CLINIC ACCESSIBILITY 

1. Getting to the clinic is easy. 2. Getting to the clinic is okay. 3. Getting to the clinic is 

difficult. If getting to the clinic is difficult, please explain why………………………….  

F. METHOD USED TO GET TO THE CLINIC  

1. Walk  2. Bus/Taxi  3. Personal car   4. Others………………………………………. 
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G. HOW LONG DOES IT TAKE YOU TO GET TO CLINIC………………. minutes 

H. CO-MORBIDITIES: Have been diagnosed/on treatment for any of these 

diseases?  1. Hypertension    2. Thyroid diseases   3. Chronic kidney disease   4. HIV   

5. Asthma/COPD 6. Dyslipidaemia (high blood cholesterol) 7. Cardiac disease 

(myocardial infarction, hypertensive heart disease, cardiomyopathy) 8. TB    9. 

Depression/any psychiatric illness 10. Heart failure 11. Stroke 12. Peripheral arterial 

disease.  

I: MODE OF DIAGNOSIS OF DIABETES:  

i. Which test did the healthcare practitioner perform to diagnose your diabetes 

mellitus?  

1. Based on tests   2. Based on symptoms.  3. Using both symptoms and tests. 4. Do 

not know. 

ii. Which tests were used to diagnose your diabetes mellitus? Circle all that 

apply. 

1. Random blood glucose (RBG) test 2. Fasting blood glucose (FBG) test   3. Glycated 

haemoglobin (HbA1c) test     4. 75g oral glucose tolerance test (OGTT)      5. Urine 

glucose test    6. Do not know.  

iii. Were you admitted to the hospital at diagnosis?   1. Yes   2. No 

iv. If admitted to hospital, how many nights did you spend in 

hospital?.............................. 

v. Were you admitted with diabetic ketoacidosis (DKA)?  1. Yes 2. No 3. I don’t 

know. 

J: DURATION SINCE DIAGNOSIS 

How long has the participant had diabetes?.......1. < 1 month  2. 1 - 2 months     3. 

>2-3 months. 
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K: PLEASE STATE WHICH DIABETES MEDICINES THE PARTICIPANT TAKES 

Treatment Type 
(for ‘other’ 
please state the 
name of 
treatment, e.g. 
Glibenclamide)  

DOSE 
(enter the size 
of the dose as 
a number) 

Frequency 
(enter the number 
of times the dose is 
taken per day) 

Total 
daily 
dose 
 

UNITS 
(e.g. mg, 
g, IU) 

 DIET only      

 Metformin  Standard 
 Modified 
Release 

    

 Other non-
insulin treatment  

     

 Insulin Group Insulin Type 
(write the name 
of insulin type 
here) 

Number of Injections 
Per day (please 
circle) 

Total 
Daily 
Dose (in 
units) 

 

 
 
  INSULIN 

 Rapid Acting 
(soluble) 

 1  2  3  4  5  6     

 Intermediate/ 
Long Acting 

 1   2   3   

 Premixed  1   2   3   

 Total Combined 
Daily Dose 

  

L: If you are treated with insulin, how many days after diagnosis did you start 

insulin? 

1. Not insulin treated    2. Within 1 week   3. After 1 week 

M. If using insulin how do you store it?...............1. Fridge 2. Drawer 3. Cupboard 

4. Cool Box/Cooler 5. Other. If other, please explain………………………………….  

N. DO YOU OWN A GLUCOMETER?.........................1. Yes     2. No. 

O.  IF YES:  

- How often do you check your blood glucose each week? ………………… 

-Which meter do you use (manufacturer and model)?.................................................. 

- Where do you get the strips for your glucose meter? 1. Buy myself   2. Free of charge 

–If so who provides them? ……………………………………………….. 

-If you buy strips yourself, how much do you spend each month?................................... 
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P. MEDICAL HISTORY: Which other medicine does the participant take? 

1. Are you taking medicines for hypertension?                     1. Yes    2. No. 

2. Are you taking medicines for high blood cholesterol?      1. Yes   2. No. 

3. Are you taking cardiac aspirin or clopidogrel?                  1. Yes   2. No. 

Q: OTHER DRUG HISTORY: Which specify drug are you currently 

taking?..........1. ACEI   2. ARB   3. ARB/ACEI-D combinations  4. CCB-ARB/ACEI 

combinations  5. CCB-ARB/ACEI-D combination  6. Statins.  7. OHA (Metformin and 

SUs) 8. Oral cardiac aspirin or clopidogrel 9. Beta blocker-ACEI/ARB combination 10. 

Anti-TB drugs 11. ART 12. Levothyroxine 13. Carbimazole. 

PART II: PHYSICAL EXAMINATION FINDINGS 

1. Is acanthosis nigricans (hyperpigmentation at the base of the neck and armpits) 

present 1. Yes   2. No 

2. Weight …………………………...kg 

3. Height ……………………………cm 

4. Waist circumference (WC)……………………cm 

5. Hip circumference …………………………….cm 

6. 1st systolic blood pressure (BP) measurement……………………..mmHg 

7. 1st diastolic blood pressure (BP) measurement……………………..mmHg 

8. 1st pulse rate measurement……………………………………....b/min. 

9. 2nd systolic blood pressure (BP) measurement……………………..mmHg. 

10. 2nd diastolic blood pressure (BP) measurement……………………..mmHg 

11. 2nd pulse rate measurement……………………………………....b/min. 

12. Total body fat……………………% 

13. Visceral fat level ……………………… 

14. Skeletal muscle……………………..% 
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15. Resting metabolism…………………….kcal. 

16. BMI…………………………kg/m2 

17. Left ankle brachial index (ABI) measurement ………………… 

18. Right ankle brachial index (ABI) measurement………………… 

TIMING OF BLOOD SAMPLE COLLECTION 

1. Time when urine sample is collected……………………………………….. 

2. Time when 0-minute blood samples are drawn………………………………….. 

3. Time when glucose solution is consumed…………………………………………. 

4. Time when 30-minute blood samples will be drawn………………………………. 

5. Time when 120-minute blood samples will be drawn…………………………….. 

 

COMPLETED BY: 

Name: ………………………………………………………………… 

Signature:……………………………………………………... 

Date:…………………………………………….. 

 

 

  

 

 

 

 

 

 

 




